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BIA PIWPING PKPTIDES AMp T pBiR psRg 
Tbe present application is a continuation in part of 
USSK 08/027,746 which is a continuation in part of DSSN 
07/926,666, which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to compositions and 
methods for preventing, treating or diagnosing a number of 
pathological states such as viral diseases and cancers, ih 
particular, it provides novel peptides capable of binding 
selected major histocompatibility complex (MHC) molecules and 
inducing an immune response. 

MHC molecules are classified as either Class i or 
Class II molecules. Class II MHC molecules are expressed 
primarily on cells involved in initiating and sustaining 
immune responses, such as T lymphocytes, B lymphocytes, 
macrophages, etc. class II MHC molecules are recogniz^ by 
helper T lymphocytes and induce proliferation of helper T 
lymphocytes and amplification of the immune response to the 
particular immunogenic peptide that is displayed. Class I MHC 
molecules are expressed on almost all nucleated cells and are 
recognized by cytotoxic T lymphocytes (CTLs) , which then 
destroy the antigen-bearing cells. Cits are particularly 
iaportant in tumor rejection and in fighting viral infections. 
Wie CTL recognizes th^ antigen in the form of a peptide 
fragment bound to the MHC class I molecules rather than the 
Intact foreign antigen itself. The antigen must normally be 
endogenously synthesized by the cell, and a portion of the 
protein antigen is degraded into small peptide fragments in 
the cytoplasm, some of these small peptides translocate into 
a pre-€olgi compartment arid interact with class i heavy chains 
to facilitate proper folding and association with the subunit 
B2 microglobulin. The p^tide-MHC class I complex is then 
routed to the cell surface for expression and potential 
recognition by specific CTLs. 



Xnvestigatlcoxs of the crystial structure of the human 
MHC class X molecule, HIA-A2,1, indicate that a peptide 
l>inding groove is created by the folding of the al and a2 
domains of the class i heavy chain (Bjorkman et al.. Nature 
329:506 ( 1987). In these investigations, however, the 
identity of peptides bound to the groove was not determined. 

Buus et al.. Science 242:1065 (1988) first described 
a method for acid elution of bound peptides from MHC. 
Subsequently, Rammensee and his coworkers (Falk et al., yature 
351:290 (1991) have developed an approach to characterize 
naturally processed peptides bound to class I molecules. 
Other investigators have successfully achieved direct amino 
acid sequencing of the more abundant peptides in various HPLC 
fractions by conventional automated sequencing of peptides 
eluted from class I molecules of the B type (Jardetzky, et 
al., liatuce 353:326 (1991) and of the A2.1 type by mass 
spectrometry (Hunt, et al.. Science 225:1261 (1992). A review 
of the characterization of naturally processed peptides in MHC 
Class I has been presented by R5tzschke and Falk (Rdtzschke 
and Falk, Immunol, Today 12:447 (1991). 

Sette et al., Proc. Watl. Acad, scjj, ng^ 86:3296 
(1989) showed that MHC allele specific motifs could be used to 
predict MHC binding capacity. Schaeffer et al. , Proc, Matl, 
Aciad, gpj, ygft 86:4649 (1989) showed that MHC binding was 
related to immunogenicity. Several authors (De Bruijn et al., 
fiqrt Jf Tffamnol. , 21:2963-2970 (1991); Pamer et al., 991 
4ratia:e 353:852-955 (I991)) have provided preliminary evidence 
that class I binding motif s can be applied to the 
identification of potential immunogenic peptides in animal 
models. Class I motifs specific for a number of human alleles 
of a given class I isotype have yet to be described. It is 
desirable that the combined frequencies of these different 
alleles ^ould be high enough to cover a large fraction or 
perhaps the majority of tfie human outbred population. 

Despite the developments in the art, the prior art 
has yet to provide a useful human peptide-based vaccine or 
therapeutic agent based on this work. The present invention 
provides these and other advantages. 
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SIBBiaia OF TBE INVEWriOH 
preset inyentimi porovides cfaaopositions 
comprising iaasunogenic peptides having binding notifs for MHC 
Class I Bolecules. The immunogenic peptides are typically 
between about: 8 and about 11 residues and comprise conserved 
residues involved in binding proteins encoded by the 
appropriate MHC allele. A number of allele specific motifs 
have been identified. 

Por instance, the motif for HIA-A3.2 comprises from 
the N-texninos to C-terminus a first conserved residue of L, 
M, I, V, s. A, T and F at position 2 and a second conserved' 
residue of K, R or Y at the C-terminal end. other first 
conserved residues are C, G or D and alternatively E. other 
second conserved residues are H or F. The first and second 
15 conserved residues are preferably separated by 6 to 7 
residues. 

The motif for HLA-Al coii5>rises from the N-terminus 
to the C-terainus a first conserved residue of t, s or M, a 
second conserved residue of D or B, and a third conserved 
20 residue of Y. other second conserved residues are A, s or T. 
The first and second conserved residues are adjacent'and are* 
preferably separated from the third conserved residue by 6 to 
7 residues. A second motif consists of a first conserved 
residue of s or D and a second conserved residue of Y where 
the first and second conserved residues are separated by 5 to 

6 residues. . 

The motif for HLA-All comprises from the N-ter«inus 
to the C-teminus a first conserved residue of T or V at 
piffiition 2 and a C-terminal conserved residue of K. The first 
and second conserved residues are preferably separated by 6 or 

7 residues. 

The motif for IILA-A24.1 comprises from the M- 
terminus to the C-terminus a first conserved residue of Y, F 
or W at position 2 and a C terainal conserved residue of F, 1, 
35 w, M or L. The first and second conserved residues are ' ' 
preferably separated by 6 to 7 residues. 

^itc^es on a number of potential target proteins 
can be identified in this, manner. Examples of suitable 
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antigens include pxos^te specific antigen (PSA), hepatitis B 
core and surf ace antigenis (BBVc, HBVs) hepatitis c antigens, 
Balignant atelandina antigen (MAGE-l) Bpstein-Barr virus 
antigens, hunan inmunodeficiency type-l virus (HIVl) and 
papilloma virus antigens. The peptides are thus useful in 
phannaceutical compositions for both in vivo and ex vivo 
therapeutic and diagnostic applications. 

Definitions 

The term "peptide" is used interchangeably with 
"oligopeptide" in the present specification to designate a 
series of residues, typically L-amino acids, connected one to 
the other typically by peptide bonds between the alpha-anino 
and carbonyl groups of adjacent amino acids. The 
oligopeptides of the invention are less than about 15 residues 
in length and usually consist of between about 8 and about 11 
residues, preferably 9 or 10 residues. 

An "isnunogenic peptide" is a peptide which 
conqprises an allele-specif ic motif such that the peptide will 
bi«d the MHC allele and be capable of inducing a CTL response. 
Thus, immunogenic peptides are capable of binding to an 
appropriate class I MHC molecule and inducing a cytotoxic T 
cell response against the antigen from which the immunogenic 
peptide is derived. 

A "cons«ved residue" is an amino add which occurs 
In a significantly higher frequency than would be expected by 
random distribution at a particular position in a peptide 
motif. Typically a conserved residue is one at which the 
immunogenic peptide may provide a contact point with the MHC 
■olecule. ona to three, preferably two, conserved residues 
within a peptide of defined length defines a motif for an 
laaunogenlc peptide. These residues are typically in close 
contact with the peptide binding groove, with their side 
c^ins buried in specific" pockets of the groove itself. 
Typically, an immunogenic p^tide will comprise tsp to three 
conserved residues, more usually two conserved residues. 

As used herein, "negative binding residues" are 
amino acids which if present at certain positions will result 



in a peptide being a nbnbinder or poor binder and in turn fail 
to indadB a CTL response despite the presence of the 
appropriate conserved residues within the peptide. 

Olhe term "motif" refers to the pattern of residues 
in a peptide of defined length, usually about 8 to about ll 
aoino acids, which is recognized by a particular MBC allele. 
The peptide notifs are typically different for each human MHC 
allele and differ in the pattern of the highly conserved 
residues. 

The binding arotif for an allele can be defined with 
increasing degrees of precision. In one case, all of the 
conserved residues are present in the correct positions in a 
peptide and there are no negative binding residues present. 

The phrases "isolated" or "biologically pure" refer 
to material which is substantially or essentially free from 
components which normally accompany it as found in its native 
state. Thus, the peptides of this invention do not contain 
materials normally associated with their in situ environment, 
e.g., MHC I molecules on antigen presenting cells. Even where 
a protein has been isolated to a homogenous or dominant band, 
there are trace contaminants in the range of 5-10% of native 
protein which co-purify with the desired protein. Isolated 
peptides of this invention do not contain such endogenous co- 
purified protein. 

The term "residue" refers to an amino acid or amino 
acid mimetic incorporated in an oligopeptide by an amide bond 
or amide bond mimetic. 



BiaEF DESCiaPTION OF THE DBAI9IK6S 



Pig. 1 is a flow diagram of an HZA-A piirification 

scheme. 

Pig. 2 is an SDS-PAGE analysis of affinity purified. 
HLA*A3.2 from the cell line £HH using an affinity column 
prepared with the mAb GAP A3 coupled to protein A-Sepharose. 
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Fig. 3 shows reverse phase high performance liquid 
chromatocpraphy (HP-HPLC) separation of HLA-A3 acid eluted 
peptides. 

Fig. 4 shows binding of a radioactiyely labeled 
peptide of the invention to MHC molecules as measured by the % 
bound radioactivity. 

Fig. 5 shows inhibition of binding of a peptide of 
the invention to MHC molecules in the presence of three 
peptides [HBc 18-27 (924.07), a Prostate Specific Antigen 
peptide (939.01), and HIV nef 73-82 (940.03)]. 

Fig. 6 shows the dependency of the binding on MHC 
concmtration in the presence or absence of tticroglobulin. 

Fig. 7 shows dose dependent inhibition of binding 
with the addition of unlabeled peptide.. 

Fig. 8 Scatchard Analysis of binding to MHC All 
confirming an apparent of 6nM. 

Fig. 9 shows the binding of a radioactively labeled 
peptide of the invention to MHC Al as measured by % bound 
reactivi^. 

Fig. 10 shows dose dependent inhibition of binding 
with the addition of unlabeled peptide. 



Fig. 11 Sc^atchard Analysis of binding to MHC Al 
confirming an apparent 1^ of .212^M. 

Fig. 12 shows the binding of two peptides of this 
invention as a function of MHC A24 concentration as measxared 
by % bound reactivity. 

Fig. 13 shovs the dose dependent inhibition of 
binding to MHC A24 with the addition of unlabeled peptides. 

Figs. 14(a) and 14(b) show the Scatchard Analysis of 
binding to MHC A24 of the two peptides confirming a Kp of 30 
and 60nM, respectively. 

Fig. 15 shows the effect on MHC class i molecules of 
/J2aicroglobulin and a peptide of choice on acid-stripped PHA 
blasts. 

Fig. 16 shows CTL induction using GC43 A2*l 
responders and autologous acid-stripped PBMCs or PHA blasts 
loaded with the 777.03-924.07-927.32 peptide pool. 

Fig. 17 shows CTL induction using X351 or X355 A2«l 
responders and autologous acid stripped PBMCs or FHA blasts as 
stimulators after loading with the 1044. 04-1044. 05-1044. 06 
peptide pool. 

Fig. 18 shows CTL induction using GC49 A2.1 
responders and Autologous Acid stripped PHA blasts as 
stimulators after loading with 939.03 peptide. 

Fig. 19 shows CTL Induction using GC66 Al responders 
and autologous acid stripped PBMCs as stimulators after 
loading of peptide 938.01. 

Fig. 20 illustrates the lysis of peptide sensitized 
targets and endogenous targets following stimulation with SAC- 
I activated PBMCs loaded with a MAGE 3 peptide. 

Fig. 21 shows a cai9i4>arison of the acid strip loading 
with the cold tesiperature incubation. 

Fig. 22 shows a CTL response to an immunogenic 
peptide for MA6E/A11. 

Fig. 23 shows a'cTL response to an immunogenic 
peptide for HIV/A3* 

Fig. 24 shows a CTL response to an immunogenic 
peptide for HCV/A3. 
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25 shows a ciTI» response to an ijnuuiogehic 
peptide iror BBV/jil. 

DESCRIPTION OP THE PREFERRED EHBODIMEHTS 
The present invention relates to the determination 
of allele-^specific pept4.de motifs for human Class I mhc 
(sometimes referred to as HZA) allele subtypes. These motifs 
are then used to define T cell epitopes from any desired 
antigen, particularly those associated with human viral 
diseases or cancers, for which the amino acid sequence of the 
potential antigen targets is known. 

Epitopes on a number of potential target proteins 
can be itentified in this manner. Examples of suitable 
antigens include prostate specific antigen (PSA) , hepatitis B 
core and surface antigens (HBVc, HBVs) hepatitis C antigens, 
^tein-Barr virus antigens, melanoma antigens (e.g., MAGE-1), 
human immunodeficiency virus (HIV) antigens and human 
papilloma virus (HPV) antigens. 

Peptides comprising these epitopes are synthesized 
and then tested for their ability to bind to the appropriate 
MHC molecules in assays using, for exaaqsle, purified class i 
molecules and radioiodinated peptides and/or cells expressing 
eiq»ty class I molecules by, for instance, immunofluorescent 
staining and flow microf luorimetry, peptide-dependent class I 
assembly assays, and inhibition of cn. recognition by peptide 
ccHBpetition. Those peptides that bind to the class I molecule 
are further evaluated for their ability to serve as targets 
tor CTLs derived from infected or immunized individuals, as 
well as for their capacity to induce primary la vitro or in 
YiYB CTL responses that can give rise to CTL populations 
capable of reacting with virally infected target cells or 
tumor cells as potential therapeutic agents. 

The MHC class I antigens are encoded Yxy the HLA-A, 
B, and C loci. HtA-A and''B antigens are expressed at the cell 
surface at approximately equal densities, whereas the 
expression of BIA>C is significantly lower (perhaps as much as 
10-fold lower). Each of these loci have a number of alleles. 
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Ite peptide binding iiiotifs of t^ invention are zrelatively 
^>ccif ic for each allelic subtype. 

For peptide-based vaccines, the peptides of the 
present invention preferably coi^rise a motif recognized by ax 
MHC I molecole having a wide distribution in the human 
population* Since the MHC alleles occur at different 
frequencies within different ethnic groups and races, the 
choice of target HHC allele may depend upon the target 
population. Table 1 shows the frequency of various alleles at 
the HIA-A locus products among different races. For instance, 
the majority of the Caucasoid population can be covered by 
peptides which bind to four HLA-A allele subtypes, 
specifically HIA-A2.1, Al, A3. 2, and A24.1. Similarly, the 
majority of the Asian population is encompassed with the 
addition of peptides binding to a fifth allele HIA-A11.2. 
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TABLB 1 



A Allele /Subfcyp e 
Al 

A2«l 
A2.2 
A2.3 
A2.4 
A2.5 
A3.1 
A3. 2 
All.l 
All. 2 
A11.3 
A23 
A24 
A24.2 
A24.3 
A25 
A26.1 
A26.2 
A26V 
A28.1 
A28.2 
A29.1 
A29.2 
A30.1 
A30«2 
A30.3 
A31 
A32 
AV33.1 
AV33«2 
AV34.1 
AV34.2 
AV36 





A if 5 4 ) 


10.1(7} 


1.8(1) 


11«5(8) 


37.0(20) 


10.1(7) 


0 


1.4(1) 


5.5(3) 


1,4(1) 


— 
0 


5.7(4) 


5.5(3) 


0 


5.5(3) 


5.7(4) 


31.4(17) 


0 


3.7(2) 


4.3(3) 


— 


2.9(2) 


27.7(15) 
- 


— 

1.4(1) 


- 
• 


4.3(3) 


9.2(5) 


7.2(5) 


- 




3.7(2) 


10.1(7) 


- 


1.4{1) 


- 


1.4(1) 


- 


10.1(7) 


1.8(1) 


8.6(6) 




1.4(1) 




7.2(5) 




4.3(3) 


7.4(4) 


2.8(2) 




8.6(6) 




2.8(2) 


16.6(9) 


1.4(1) 




14.5(10) 




5.9(4) 





C£50Z1 

27.4(138) 
39.8(199) 

3.3(17) 

0.8(4) 



0.2(0) 
21.5(108) 
0 

8.7(44) 
0 

3.9(20) 
15.3(77) 



6.9(35) 
5.9(30) 
1.0(5) 

1.6(8) 

7.5(38) 

1-4(7) 

5.3(27) 

4.9(25) 

0.2(1) 

3.9(20). 

6.9(35) 

7.1(36) 

2.5(13) 

1.2(6) 

0.8(4) 



?4fio Springer-Verlag, New Yorlc 

19o7. 

* H - negroid; A = Asian; c = caucasoid. HinOiers in 

parenthesis represent the number of individuals included in 
the analysis. jji 

The nonenclature used to. describe peptide co^Knuids 
follows the conventional j^iactice wherein the anino group is 
presented to the left (the". H-teminus) and the carboxyl group 
to the right (the C-terainus) of each amino acid residue, in 
the formulae representing selected specific enbodiaents of the 
present invention, the amino- and carboxyl-terminal groups, 
although not specifically shown, are in the form they would 
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assuae at physiologic pH values, unless othervise specified. 
In tbe aaino acid structure fomulae, each residue is 
generally represented by standard three letter or single 
letter designations. The L-fonn of an amino acid residue is 
represented by a capital single letter or a capital first 
letter of a three-letter symbol, and the D-fom for those 
amino acids is represented by a lower case single letter or a 
lower case three letter syiabol. Glycine has no asymmetric 
carbon atom and is simply referred to as "Gly» or G. 

The procedures used to identify peptides of the 
present invention generally follow the methods disclosed in 
Falk et al., Mature 351:290 (1991), which is incorporated 
herein by reference. Briefly, the methods involve large-scale 
isolation of MHC class I molecules, typically by , 
immnnoprecipitation or affinity chromatography, from the 
appropriate cell or cell line. Examples of other methods for 
isolation of the desired MHC molecule equally well known to 
the artis^ include ion exchange chromatography, lectin 
chromatography, size exclusion, hi?^i performance ligand 
chromatography, and a combination of all of the above 
tetimigues. 

A large number of cells with defined MHC molecules, 
particularly MHC class I molecules, are known and readily 
available. For example, human EBV-transformed B cell lines 
have been shown to be excellent sources for the preparative 
isolation of class 1 and class II MHC molecules. 
Well-characterized cell lines are available from private and 
commercial sources, such as American Type Culture Collection 
("Catalogue of Cell Lines and Rybridomas," 6th edition (1988) 
Rockville, Maryland, U.S.A.); National Institute of General 
Medical sciences 1990/1991 Catalog of Cell Lines (HIGKS) Human 
Genetic Mutant Cell Repository, Camden, MJ; and ASHI 
R^sitbry, Bingham and Women's Hospital, 75 Francis Street, 
Boston, MA 02115. Table 2 lists some B cell lines suitable' 
for use as sources for HLA-A alleles. All of these cell lines 
can be grown in large batches and are therefore useful for 
large scale production of MHC molecules, one of skill will 
recognize that these are merely exemplary cell lines and that 
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aany pth^ cell sourices can be enployied* Siiaiiat k cell 
lilies hoaazygouH for HLA-B and HLA-C ccTuld serve afi sources 
for HLA-B and HIA-c alleles, respectively • 
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HOKAN CELL LUTES (BLA-A SOOItCES) 



HLA-A allele b cell line 

in *1 - " MAT 

" COX (9022) 

STEINLIN 
(9087) 



15 A2.1 



20 A3. 2 



25 A24.1 



30 All 



35 



40 



45 



JY 



EBM (9080) 

HO301 (9O55)6M3107 



KT3(9107),T1SI (9042) 



BVR (6H6828A) 
liTlOP (GM8602) ,NT52 
(GM8603) 
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In the typical case, imnanoprecipitation is used to 
isolate the desired allele. A mmber of protocols can be 
used, depending upon the specificity of the antibodies used. 
For example, allele-specific aAb reagents can be used for the 
affinity purification of the HLA-A, HLA-B, and HLA-c 
Bolecttles. Several laAb reagents for the isolation of HLA-A 
TOlecules are available (Table 3) . Thus> for each of the 
targeted HLA-A alleles, reagents are available that may be 
used for the direct isolation of the BLA-A aolecules. 
Affinity columns prepiared with these mAbs using^ standard 
techniques are successfully used to purify the respective 
HLA-A allele products. 

In addition to allele-specific mAbs, broadly 
reactive anti-HLA-A, B, c nAbs, such as W6/32 and B9.12.1, and 
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one^ aiiti-BpLA*B, C mAb, Bl*23*2, coald be used in alternative 
affinity pxurif ication protocols as described in the example 
section bellow. 

TABLE 3 
ANTIBOOY REAGENTS 

anti-HLA Name " '~' 



12/18 

6APA3 (ATCC^ HBie2} 

All.lM (ATCC, HB164) 
W6/32 (ATCC, HB95) 

B9.12.1 (INSERH-CNRS) 
B. 1.23. 2 (INSERH-CNRS) 



HLA-Al 
HLA-A3 
HLA-11,24.1 
HLA-A,B,C 

monomorphic 
HLA-B,C 

monomorphic 



Hie peptides bound to the peptide binding groove of 
the isolated MHC molecules are eluted typically using acid 
treatment. Peptides can also be dissociated from class I 
molecules by a variety of standard denaturing means, such as 
heat, pH, detergents, salts, €^aotropic agents, or a 
combination thereof. 

Peptide fractions are further separated from the MHC 
molecules by reversed-phase high performance liquid 
chromatography (HPLC) and sequenced* Peptides can be 
s^^arated by a variety of dther standard means well known to 
the artisan, including filtration, ultrafiltration, 
electrophoresis, size chromatography, precipitation with 
specific antibodies, ion exchange chromatography, 
isoelectrofocusing, and the like. 
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Sequencing of the isblatied pieptidi^ can be perfomed 
accordiing to sta n dard techniques such as Edman degradation 
(Bunkapiller, M.W«, et al.. Methods Enzymol^ 91, 3Qg fl983)). 
Other siethods suitable for sequencing include mass 
spectrometry sequencing of individual peptides as previously 
described (Hunt, et al., science 225:1261 (1992), ^ch is 
incorporated herein by reference) . Amino acid sequencing of 
bulk heterogenous peptides ( e.g. . pooled HPLC fractions) froa 
different class I molecules typically reveals a characteristic 
sequence motif for each class I allele. 

Definition of motifs specific for different class I 
alleles allows the identification of potential peptide 
epitopes from an antigenic protein vhose amino acid sequence 
is known. Typically, identification of potential peptide 
epitopes is initially carried out using a computer to scan the 
amino acid sequence of a desired antigen for the presence of 
motifs. Wie epitopic sequences are then synthesized. The 
capacity to bind MHC Class molecules is measured in a variety 
of different ways. One means is a Class I molecular binding 
assay as described in Escample 10, below. Other alternatives 
described in the literature include inhibition of antigen 
presentation (Sette, et; al., J. Immunol- 141:3893 (1991), in 
XiJaca assenbly assays (Townsend, et al.. Cell 62:285 (1990), 
and PACS based assays using mutated ells, such as RMA.S 
(Melief, et al., Eur. J. Tmmnnol. 21:2963 [1991]). 

Hext, peptides that test positive in the MHC class I 
binding assay are assayed for the ability of the peptides to 
induce specific CTL responses in vitro , ppr instance, 
antigen*presenting cells that have been incubated with a 
peptide can be assayed for the ability to induce CTL responses 
in responder cell populations. Antigen-presenting cells can 
be normal cells such as peripheral blood mononuclear cells or 
dendritic cells (Inaba, et al., J. Exp. Med. 166:182 (1987); 
Boog, Eur. J. Immunol.. 18:2l9 [1988]). 

Alternatively, mutant mammalian cell lines that are 
deficient in their ability to load class I molecules with 
internally processed peptides, such as the mouse cell lines 
SMA-S (KMrfe, et al. . Nature . 319:675 (1986); Ljunggren, et 
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al*/ gUTt J. TffWTW^T* 21:29€3)-2970 (1991) ) , and the huaan 
somatic /T cell bybridona, T-2 (Cerundolo, et al*. Nature 
345:449-4&2 (1990)) and which have been transf ected with the 
appropriate hunan class I genes are conveniently used, when 
peptide is added to them, to test for the capacity o£ the 
peptide to induce in vitro prijaary CTL responses* Other 
eu)caryotic cell lines which could be used include various 
insect cell lines such as inosguito larvae (ATCC cell lines eCL 
125, 126, 1660, 1591, 6585, 6586), siDcwona (ATTC CRL 8851), 
annywona (ATCC CRL 1711), laoth (ATCC CCL 80) and Drosophila 
cell lines such as a Schneider cell Idlne (see Schneider 
BwbrvoT, Exp. Morpho:^. 27:353-365 [1927]). That have been 
transf ected with the appropriate huioan class I MHC allele 
encoding genes and the hixman Bj microglobulin genes. 

Peripheral blood lysqphocytes are conveniently 
isolated following simple venipuncture or leukapheresis of 
normal donors or patients emd used as the responder cell 
sources CTL precursors. In one embodimenlb, the appropriate 
antigen-presenting cells are incubated with lO-ioo ^cM of 
peptide in serum-free media for 4 hours under appropriate 
culture conditions. The peptide-loaded antigen^presenting 
cells are then incubated with the responder cell populations 
i n Yitrg for 7 to lo days under optimized culture conditions. 
Positive CTL activation can be determined by assaying the 
cultures for the presence of CTLs that kill radiolabeled 
target cells, both specific peptide-pulsed targets as well as 
target cells expressing endogenously processed form of the 
relevant virus or tumor antigen from which the peptide 
sequence was derived. 

Specificity and MHC restriction of the CTL is 
determined hy testing against different peptide target cells 
expressing appropriate or inappropriate human MHC class I. 
IhB peptides that test positive in the MHC binding assays and 
give rise to specific CTL responses are referred to herein as 
immunogenic peptides. 

The immunogenic peptides can be prq;»ared 
synthetically, or by irecombinant DMA technology or isolated 
from natural sources such as whole viruses or tumors. 
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Although th($ peptide Will prieferably l>e substantiaily free of 
other naturally occurring host cell proteins smd fragnents 
thereof, in some enbodlaients the peptides can be synthetically 
conjugated to native fragnents or particles. The polypeptides 
5 or peptides can be a variety of lengths, either in their 
n«itral (uncharged) f oriBS or in forms which are salts, and 
either free of modifications such as glycosylation,^^ side chain 
oxidation, or phosphorylation or containing these 
modifications, subject to the condition that the modification 
10 not destroy, the biological activity of the polypeptides as 
herein described. 

Desirably, the peptide will be as small as possible 
while still maintaining substantially all of the biological 
activity of the large peptide. Nhen possible, it may be 
15 desirable to optimize peptides of the invention to a length of 
9 or 10 amino acid residues, commensurate in size with 
endogenously processed viral peptides or tumor cell peptides 
that are bound to MHC class I molecules on the cell surface. 

Peptides having the desired activity may be modified 
20 as necessary to provide certain desired attributes, e.g., 

ii^roved pharmacological characteristics, while increasing or 
at least retaining substantially all of the biological 
activity of the unmodified peptide to bind the desired MHC 
molecule and activate the appropriate T cell. For instance, 
5 the p^tides may be subject to various changes, such as 

substitutions, either conservative or non-conservative, where 
such changes might provide for certain advantages in their 
use, such as improved MHC binding. By conservative 
substitutions is meant replacing an amino acid residue with 
0 another vhUA is biologically and/or chemically similar, e.g., 
one hydrophobic residue for another, or one polar residue for' 
another. l!be substitutions include combinations such as Gly, 
Ala; Val, He, Leu, Met; Asp, Glu; Asn, Gin; Ser, Thr; Lys, 
Arg; and Wie, Tyr. The effect of single amino acid 
> substitutions may also be probed using D-amino acids. Such 
modifications may be made using well known p^>tide synthesis 
procedures, as described in e.g., Merrifield, seienc«> 232:341- 
347 (1986) , Barany and Merrifield, The Pentidpg , Gross and 
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Meitenhofer, edis. in.Y. , Acadeasie firess) , pp; I^j2«t4 (1979); and 
Stewart and Young, Solid Phase pgnfcia^ syr^j-y^^^, (Rockford, 
111., Pierce), 2d Ed. (1984), incorporated by reference 
herein. 

The peptides can also be iBodif ied 1^ extending or 
decreasing the compound's amino acid sequence, e.g., by the 
addition or deletion of amino acids. The peptides or analogs 
of the invention can also be modified by altering the order or 
composition of certain residues, it being readily appreciated 
that certain amino acid residues essential for biological 
activity, e.g., those at critical contact sites or conserved 
residues, may generally not be altered without an adverse 
effect on biological activity. The non-critical amino acids 
need not be limited to those naturally occurring in proteins, 
such as L-o-amino acids, or their D-isomers, but may include 
non-natural amino acids as well, such as B-7-f-amino acids, as 
well as many derivatives of L-a-amino acids. 

Typically, a series of peptides with single amino 
acid substitutions are employed to determine the effect of 
electrostatic charge, hydrophobicity, etc. on binding. For 
instance, a series of positively charged (e.g., Lys or Arg) or 
negatively charged (e.g., Glu) amino acid substitutions are 
Bade along the length of the peptide revealing different 
patterns of sensitivity towards various MHC molecules and T 
cell recq^tors. in addition, multiple substitutions using 
small, relatively neutral moieties such as Ala, Gly, Pro, or 
similar residues may be employed. The substitutions may be 
homo-oligoners or hetisro-oligomers. The number and types of 
residues which are substituted or added depend on the spacing 
necessary between essential contact points and certain 
functional attributes which are sought (e.g., hydrophobicity 
versus hydrophilicity) . increased binding affinity for an MBC 
molecule or T cell receptor may also be achieved by such 
substitutions, compared to "the affinity of the parent p^ide. 
In any event, such substitutions should employ amino acid 
residues or other molecular fragments chosen to avoid, for 
exaaq»le, steric and charge interference which might disrupt 
binding. 
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^^no acid 6u^tit3iCit»aB of single 

Eesii]a6s. substitutions, daletibAs, In^ertiond or anr 
coBbinatibn thereof nay be coabined to arrive at a final 
p^^de. substitutional variants are those in which at least 
one residue of a peptide has been removed and a different 
residue inserted in its place. Such substitutions generally 
are made in accordance with the following Table 4 idien it is 
desired to finely modulate the characteristics of the peptide. 
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Substantial changes in function (e.g* ^ affinity for 
MHC Bialectiles or T cell receqpitors) are made by selecting 
substitutions that are less conservative than those in Table 
4, i.e.^ selecting residues that differ more significantly in 
their effect on maintaining (a) the structure of the peptide 
bac)ax>ne in the area of the substitution, for exaa^le as a 
sheet or helical conformation, (b) the charge or 
hydrophobicity of the molecule at the target site or (c) the 
bulX of the side chain. The substitutions which in general 
are expected to produce the greatest changes in peptide 
properties will be those in which (a) hydrophilic residue, 
e*g* seryl, is substituted for (or by) a hydrophobic residue, 
e.g. leucyl, isoleucyl, phenylalanyl, valyl or alanyl; (b) a 
residue having an electropositive side chain, e.g., lysyl, 
arginyl, pr histidyl, is substituted for (or by) an 
electronegative residue, e.g. glutamyl or aspartyl; or (c) a 
residue having a bulky side chain, e.g. phenylalanine, is 
substituted for (or by) one not having a side chain, e.g., 
glycine. 

The peptides may also comprise isosteres of two or 
more residues in the immunogenic peptide. An isostere as 
defined here is a sequence of two or more residues that can be 
substituted for a second sequence because the steric 
conformation of the first sequence fits a binding site 
specific for the second sec[uence. ae term specifically 
includes peptide backbone modifications well known to those 
skilled in the art. such modifications include modifications 
of the amide nitrogen, the a-carbon, amide carbonyl, coaplete 
replacement of the amide bond, extensions, deletions or 
backbone crosslinks. SSSk, qener^lly, Spatola, Chemistry at^ r ^ 
B i pchemistTY Pf Amino Acids, peptides an d Proteins , Vol. VII 
(Weinstein ed. , 1983). 

Modifications of peptides with various amine ^cid 
mimetics or unnatural amino acids are particularly useful in 
increasing the stability of the peptide in vivo , stabili^ 
can be assayed in a number of ways. For instance, peptidases 
and various biological media, such as human plasma and serum, 
have been used to test stability. e,a, , Verhoef et al.. 
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Ettr> J. Drag Metab Phairiiii^goXlinr lii291-302 (19B6) . Ualf life, 
of the peptides of the present invention is conveniently 
determined using a 25% human serum (v/v) assay. The protocol 
is generally as follows* Pooled human serum (Type AB, 
non-heat inactivated) is delipidated by centrifugation before 
use. The serim is then diluted to 25% with RFMX tissue 
cultiire media and used to test peptide stability. At 
predetermined time intervals a small amount of reaction 
solution is removed and added to either 6% aqueous 
trichloracetic acid or ethanol. The cloudy reaction sample is 
cooled (4*C) for 15 minutes and then spun to pellet the 
precipitated serum proteins. The presence of the peptides is 
then determined by reversed-phase HPLC using 
stability-specific chromatography conditions. 

The peptides of the present invention or analogs 
thereof v^ich have CTI* stimulating activity may be modified to 
provide desired attributes other than improved serum half 
life. For instance, the ability of the peptides to induce CTL 
activity cain be enhanced by linkage to a sequence which 
contains at least one epitope that is capable of inducing a T 
helper cell response. Particularly preferred immunogenic 
peptides/T helper conjugates are linked by a spacer molecule. 
The spacer is typically comprised of relatively small, neutral 
molecules, such as amino acids or amino acid mimetics, which 
are substantially uncharged under physiological conditions. 
The spacers are typically selected from, e.g., Ala,' Gly, or 
other neutral spacers of nonpolar amino acids or neutral polar 
aiBftino acids. It will be understood that the optionally 
present spacer need not be comprised of the same residues and 
thus may be a hetero- or homo-oligcMaer. When present, the 
spacer will usually be at least one or two residues, more 
usually three to six residues. Alternatively, the CTL peptide 
may be linked to the T helper peptide without a spacer. 

The immunogenic peptide may be linked to the T helper 
peptide either directly or via a spacer either at the amino or 
carboxy terminus of the CSTL peptide. The amino terminus of 
either the immunogenic peptide or the T helper peptide laay be 
acylated. 
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In some embodiaiehts it aay be des£raJ>ie to include in 
the phan&aceuticial coi^sitions of the invention at least one 
..conponent which assists in priming CTL. Lipids have been 
identified as agents capable of assisting the priming CTL in 
Yim against viral antigens* For example, palmitic acid 
residues can be attached to the alpha and epsilon amino groups 
of a Lys residue and then lin)ced, e.g., via one or more 
linking residues such as Gly, Gly-Gly-, Ser, Ser-Ser, or the 
like, to an Immunogenic peptide. The lipidated peptide can 
then be injected directly in a micellar form, incorporated 
into a liposome or emulsified in an adjuvant, e.g., incomplete 
Freimd*s adjuvant. In a preferred embodiment a particularly 
effective immunogen comprises palsaitic acid attached to alpha 
Mid epsilon amino groups of Lys, vhich is attached via 
linkage, e.g., Ser-Ser, to the amino terminus of the 
immunogenic peptide. 

As another example of lipid priming of CTL responses, 
Et CTll lipoproteins, such as 

tripalmitoyl-S-glycerylcysteinlyseryl-serine (P3CSS) can be 
used to prime virus specific CTL when covalently attached to 
an appropriate peptide. See, Deres et al.. Nature 342:561-564 
(1989), incorporated herein by reference. Peptides of the 
invention can be coupled to P3CSS, for example, and the 
lipopeptide administered to an individual to specifically 
prime a CTL response to the target antigen. Further, as the 
induction of neutralizing antibodies can also be primed with 
P3CSS conjugated to a peptide which displays an appropriate 
epitope, the two compositions can be combined to more 
effectively elicit both humoral and cell^-mediated responses to 
infection. 

In addition, additional amino acids can be added to 
the termini of a peptide to provide for ease of linking 
peptides one to another, for coupling to a carrier support, or 
larger peptide, for modifying the physical or chemical 
prcqaerties of the peptide or oligopeptide, or the like. Amino 
acids such as tyrosine, cysteine, lysine, glutamic or aspartic 
acid, or the like, can be introduced at the c- or H-terminus 
of the peptide or oligopeptide. Modification at the C 
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tezminns in soiBe csises nay alter binding characteristics of 
tiie peptide. In addition, the peptide or oligopeptide 
s^ences can differ frcan the natural sequence by being 
Bodified by ^erainal-HHj acylation, e.g., by alkanqyl (Cj-c^o) 
or thioglycolyl acetylation, terainal-carboxyl aaidation, 
e.g., aaoBonia, aethylamine, etc. In soae instances these 
modifications nay provide sites for linking to a support or 
other molecule. 

The peptides of the invention can be prepared in a 
wide variety of ways. Because of their relatively short size, 
thfe peptides can be synthesized in solution or on a solid 
support in accordance with conventional techniques. Various 
automatic synthesizers are commercially available and can be 
used in accordance with Icnown protocols. See, for example, 
Stewart and Young, Solid Phas e Peptldi^ svnthesj s, 2d. ed. , ' 
pierce Cheaical Co. (1984) , supra . 

Alternatively, recombinant DNA technology may be 
employed wherein a nucleotide sequence which encodes an 
Immunogenic peptide of interest is inserted into an expression 
vector, transformed or transfected into an appropriate host 
cell and cultivated under conditions suitable for expression. 
These procedures are generally Icnown in the art, as described 
generally. in Sambrook et al.. Molecular Cloning, a T^tr-^^-TY 
llanual, cold spring Harbor Press, cold Spring Harbor, New York 
(1982), which is incorporated herein by reference. Thus, 
fusion proteins which comprise one or more peptide sequences 
of the invention can be used to present the appropriate T cell 
epitope. 

As the coding sequence for peptides of the length 
contemplated herein can be synthesized by chemical techniques, 
for exaaqple, the phosidiotriester method of Matteucci et al.,' 
J. tet Chgm. f}9r-, 103:3185 (ISSl), modification can be made 
simply bir substituting the appropriate base(s) for those 
encoding the native peptide sequence. Olhe coding sequence can 
then be provided with appropriate linkers and ligated into 
e3q>ression vectors commonly available in the art, and the 
vectors used to transform suitable hosts to produce the 
desired fusion protein. A number of such vectors and suitable 
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host systems are nt^ available. For expression of the fusion 
proteins, the coding sequence will be provided with operably 
linlced start and stop codons, promoter and terminator regions 
and usually a replication system to provide an expression 
vector for expression in the desired cellular host. For 
example, promoter sequences compatible with bacterial hosts 
are provided in plasmids containing convenient restriction 
sites for insertion of the desired coding sequence. The 
resulting expression vectors are transformed into suitable 
bacterial hosts. Of course, yeast or mammalian cell hosts may 
also be used, employing suitable vectors and control 
sequences. 

The peptides of the present invention and 
pharmaceutical and vaccine compositions thereof are useful for 
administration to mammals, particularly humans, to treat 
and/or prevent viral infection and cancer. Examples of 
diseases which can be treated using the immunogenic peptides 
of the invention include prostate cancer, hepatitis B, 
hepatitis C, AIDS, renal carcinoma, cervical carcinoma, 
lyaqphoma, CMV and condlyloma acuminatum. 

For pharmaceutical compositions, the . imntunogenic 
peptides of the invention are administered to an individual 
already suffering from cancer or infected with the virus of 
interest. Those in the incubation phase or the. acute phase of 
infection can be treated with the immunogenic peptides 
separately or in conjunction with other treatments, as 
appropriate. In therapeutic applications, compositions are 
administered to a patient in an amount sufficient to elicit an 
effective CTL response to the virus or tumor antigen and to 
cure or at least partially arrest symptome and/or 
complications. An amount adequate to accomplish this is 
defined as "therapeutically effective dose." Amounts 
effective for this use will depend on, e.g., the peptide 
composition, the manner of administration, the stage and 
severity of the disease being treated, the weight and general 
state of health of the patient, and the judgment of the 
prescribing physician, but generally range for the initial 
immunization (Uiat is for therapeutic or prophylactic 
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administuraUoh) trak jUxjut 1.0 |»g to about 5000 /tg^£ peptide 
for a 70 kg patient, followed by boosting dosages of from 
about 1.0 |tg to about looa ftg of pepUde pursuant to a 
boosting regimen over vee)cs to nonths depending upon the 
patient's response and condition by measuring specific CTL 
activity in the patient's blood. It aiust be kept in Bind that 
the peptides and compositions of the present invention may 
generally be employed in serious disease states; that is, 
life-threatening or potentially life threatening situations. 
In such cases, in view of the minimization of extraneous 
substances and the relative nontoxic nature of the peptides, 
it is possible and may be felt desirable by the treating 
physician to administer substantial excesses of these peptide 
compositions. 

For therapeutic use, administration should begin at 
the first sign of viral infection or the detection or surgical 
removal of tumors or shortly after diagnosis in the case of 
acute infection. This is followed by boosting doses until at 
least symptoms are substantially abated and for a period 
thereafter. In chronic infection, loading doses followed by 
boosting doses may be required. 

Treatment of an infected individual with the 
compositions of the invention may hasten resolution of the 
Infection in acutely infected Individuals. . For those 
individuals susceptible (or predisposed) to developing chronic 
infection the compositions are particularly useful in methods 
for preventing the evolution from acute to chronic infection. 
Where the susceptible individuals are identified prior to or 
during infection, for instance, as described herein, the 
composition can be targeted to them, minimizing need for 
administration to a larger populaticm. 

The peptide compositims can also be used for the 
treatment of chronic infection and to stimulate the immune 
system to eliminate virus-Infected cells in carriers, it is 
important to provide an amount of immuno-potentiating peptide 
in a formulation and mode of administration sufficient to 
effectively stimulate a cytotoxic T cell response. Thus, for 
treatment of chronic infection, a representative dose is in 
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the range of alx>ut 1.0. /tg to about 5000 iiq, prefer^ly about 5 
Itg to looo ^g for a 70 kg patient per dose. lamtmizing doses 
followed by boosting doses at established intervals, e^g., 
from one to four veete, may be required, possibly for a 
prolonged period of time to effectively ismunize an 
individual. In the case of chronic infection, administration 
should continue until at least clinical symptoms or laboratory 
tests indicate that the viral infection has been eliminated or 
substantially abated and for a period thereafter. 

The pharmaceutical cosipositions for therapeutic 
treatment are intended for parenteral, topical, oral or local 
administration. Preferably, the pharmaceutical compositions 
are administered parenterally, e.g., intravenously, 
subcutaneously, intradermally, or intramtiscularly. Thus, the 
invention provides compositions for parenteral administration 
which comprise a solution of the immunogenic peptides 
dissolved or suspended in an acceptable carrier, preferably an 
aqueous carrier, A variety of aqueous carriers may be used, 
e.g., water, buffered water, 0.9% saline, 0.3% glycine, 
hyaluronic acid and the liXe. These compositions may be 
sterilized by conventional, well known sterilization 
techniques, or may be sterile filtered. The resulting aqueous 
solutions may be packaged for use as is, or lyophilized, the 
lyophilized preparation being combined with a sterile solution 
prior to administration. The . compositions may contain 
pharmaceutically acceptable auxiliary substances as required 
to approximate physiological conditions, such as pH adjusting 
and buffering agents, tonicity adjusting agents, wetting 
agents and the like, for example, sodium acetate, sodium 
lactate, sodium chloride, potassium chloride, calcium 
chloride, sorbitan monolaurate, trlethanolamine oleate, etc. 

The concentration of CXL stimulatory peptides of the 
invention in the pharmaceutical formulations can vary widely, 
i.e., from less than about 0.1%, usually at or at least about 
2% to as much as 20% to 50% or. more by weight, and will be 
selected primarily by fluid volumes, viscosities, etc., in 
accordance with the particular mode of administration 
selected. 
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ttte pjgptides of the inyention nay also be 
adteiinidterea via liposomes, vhicdi serve to target the iieptides 
to a particular tissue, such as lymphoid tissue, or targeted 
sielectively to infected cells, as well as increase the half- 
life of the peptide composition. Liposomes include emulsions, 
foams, micelles, insoluble monolayers, liquid crystals, 
phospholipid dispersions, lamellar layers and the like, in 
these preparations the peptide to be delivered is incorporated 
as part of a liposome, alone or in conjunction with a molecule 
which binds to, e,g,, a receptor prevalent among lymphoid 
cells, such as monoclonal antibodies which bind to the CD45 
antigen, or with other therapeutic or iiomunogenic 
compositions* Thus, liposomes filled with a desired peptide 
of the invention can be directed to the site of lymphoid 
cells, where the liposomes then deliver the selected 
Uierapeutic/ immunogenic peptide con^psitions. Liposomes for 
use in the invention are formed from standard vesicle-forming 
lipids, which generally include neutral and negatively charged 
phospholipids and a sterol, such as cholesterol. The 
selection of lipids is generally guided by consideration of, 
e.g., liposome size, acid lability and stability of the 
liposomes in the blood stream. A variety of methods are 
available for preparing liposomes, as described in, e.g., 
Szoka et al., Ann. Rev, Biophvs, n^o^Tig 9:467 (1980), U.S. 
Patent Nos. 4,235,871, 4,501,728, 4,837,028, and 5,019,369, 
incorporated herein by reference. 

For targeting to the immune cells, a ligand to be 
incorporated into the liposome can include, e.g., antibodies 
or fragments thereof specific for cell surface determinants of 
the desired immune system cells. A liposome suspension 
containing a peptide may be administered intravenously, 
locally, topically, etc. in a dose which varies according to, 
lXl£e£ alia, the manner of administration, the peptide being 
delivered, and the stage of the disease being treated. 

For solid compositions, conventional nontoxic solid 
carriers may be used which include, for example, 
pharmaceutical grades of mannitol, lactose, starch, magnesium 
stearate, sodium saccharin, talcum, cellulose, glucose. 
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sucrose, na^nesiun carbonate, and the lUte. For oral 
adninistration, a phamtaceutixrally acceptable ncmtbxic 
coaqposition Is f onoed by incorporating any of the nonaally 
employed excipients, sucdx as those carriers previously listed, 
and generally 10-95% of active ingredient, that is, one or 
aore peptides of the invention, and more preferably at a 
concentration of 25%-75%. 

For aerosol administration, the immunogenic peptides 
are preferably supplied in finely divided form along with a 
surfactant and propellant. Typical percentages of peptides 
are 0.01%-20% by weight, preferably l%-io*. The surfactant 
aust, of course, be nontoxic, and preferably soluble in the 
propellant. Representative of such agents are the esters or 
partial esters of fatty acids containing from 6 to 22 carbon 
atoms, such as caproic, octanoic, lauric, palmitic, stearic, 
linoleic, linolenic, olesteric and oleic acids with an 
aliphatic pplyhydric alcohol or its cyclic anhydride. Mixed 
esters, such as mixed or natural glycerides may be employed. 
The surf actant may constitute 0.1%-20* by weight of the 
composition, preferably 0.25-5*. The balance of the 
composition is ordinarily propellant. A carrier can also be 
imeluded, as desired, as with, e.g., lecithin for intranasal 
delivery. 

In another aspect the present invention is directed 
to vaccines which contain as an active ingredient an 
l»»unogenically effective amount of an immunogenic peptide as 
described herein. The peptlde(s) may be introduced into a 
host, including humans, linked to its own carrier or as a 
ho»opoly»er or heteropolymer of active peptide units, such a 
polymer has the advantage of increased immunological reaction 
and, where different peptides are used to make up the polymer 
the additional ability to induce antibodies and/or CTLs that ' 
react with different antigenic determinants of the virus or 
tumor cells. Useful carrrers are well known in the art, and 
include, e.g., thyroglobulin, albumins such as bovine serum 
albumin, tetanus toxoid, polyamino acids such as 
polydysinetglutamic acid) , hepatitis B virus core protein, 
hepatitis B virus recombinant vaccine and the like. The 
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vaccines casfi also contain a physiologically tolerable 
(acci^ptabie) diluent such as :%rater, phosphate buffered saline, 
or saline I, and furth^ typically include an adjuvant. 
Adjuvants such as incomplete Freund*s adjuvant, aluainun 
phosphate, aluminum hydroxide, or alum are materials- veil 
known in the art. And, as mentioned above, CTL responses can 
be primed by conjugating peptides of the invention to lipids, 
such as P^CSS. Upon immunization with a peptide cos^sition 
as described herein, via injection, aerosol, oral, transdermal 
or other route, the immune system of the host responds to the 
vaccine by producing large amounts of CTLs specific for the 
desired antigen, and the host becomes at least partially 
immune to later infection, or resistant to developing chronic 
infection. 

Vaccine compositions containing the peptides of the 
invention are administered to a patient susceptible to or 
otherwise at risk of viral infection or cancer to elicit an 
immune response against the antigen and thus enhance the 
patient's own immune response capabilities. Such an amount is 
defined to be an "immunogenically effective dose." in this 
use, the precise amounts again depend on the patient's state 
of health and weight, the mode of administration, the nature 
of the formulation, etc., but generally range from about I.o 
§ig to about 5000 fig per 70 kilogram patient, more commonly 
from about 10 ftg to about 500 /tg mg per 70 kg of body weight. 

In some instances it nay be desirable to combine the 
peptide vaccines of the invention with vaccines which induce 
neutralizing antibody responses to the virus of interest, 
particularly to viral envelope antigens. 

For therapeu^c or imoonmization purposes, the 
peptides of the invention can also be e^Kpressed by attenuated 
viral hosts, such as vaccinia or fowlpox. This approach 
involves the use of vaccinia virus as a vector to expxesB 
nucleotide sequences that iuicode the peptides of the 
invention. Upon introduction into an acutely or chronically 
infected host or into a non-infected host, the recombinant 
vaccinia virus expresses the immunogenic peptide, and thereby 
elicits a host CTL response. Vaccinia vectors and methods 
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use£ul in iiiimuiizaticm protect are described in, e.g» ,u.s» 
Patent No. 4,722,.848> incorporated herein by reference. 
Another vector is BCG (Bacille Calnette Guerin) . BCG vectors 
are described in Stover et al. f Nature 351:456-460 (1991)) 
which is incorporated herein by reference. A wide variety of 
other vectors useful for therapeutic administration or 
immunization of the peptides of the invention, e.g., 
galttgnglla ^yshi vectors and the like, will be apparent to 
those skilled in the art from the description herein. 

Antigenic peptides may be used to elicit CTL ex vivo p 
as well. The resulting CTL, cam be used to treat chronic 
infections (viral or bacterial) or tumors in patients that do 
not respond to other conventional forms of therapy, or will 
not respond to a peptide vaccine approach of therapy, ex vivo 
CTL responses to a particular pathogen (infectious agent or 
tumor antigen) are induced by incubating in tissue culture the 
patient's CTL precursor cells (crn^) together with a source of 
antigen-presenting cells (APC) and the appropriate immunogenic 
peptide. After an appropriate incubation time (typically 1-4 
weeks) , in which the CILp are activated and mature and expand 
into effector CTL, the cells arc infused back into the 
patient, where they will destroy their specific target cell 
(an infected cell or a tumor cell) . in order to optimize the 
in trltro conditions for the generation of specific cytotoxic T 
cells, the culture of stimulator cells is maintained in an 
appropriate serum-free medium. 

Prior to incubation of the stimulator cells with the 
cells to be activated, e.g., precursor CD8+ cells, an amount 
of antigenic peptide is added to the stimulator cell culture, 
of sufficient quantity to become loaded onto the human Class I 
molecules to be expressed on the surface of the stimulator 
cells. In the present invention, a sufficient amount of 
peptide is an amount that will allow about 200, and preferably 
200 or more, human Class riffle molecules loaded with peptide 
to be ea^ressed on the surface of each stimulator cell. 
Preferably, the stimulator cells are incubated with >20Mg/ml 
peptide. 
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Restiing or precursor <3>8+ cells ^ are then incubated In 
culture With the aippropriate stixsulator cells for a tine 
period sufficient to activate the CD8+ cells » Preferably, the 
CD8+ cells are activated in an antigen-specific manner. The 
ratio of resting or precursor CT8+ (effector) cells to 
stimulator cells may vary from individual to individual and 
may finrther depend upon variables such as the amenability pf 
an individual *s lysqphocytes to culturing conditions and the 
nature and severity of the disease condition or other 
condition for which the vithin-described treatment modality is 
used. Preferably, however, the lymphocyte: stimulator cell 
ratio is in the range of about 30:1 to 300:1. The 
effector/stimulator culture may be maintained for as long a 
time as is necessary to stimulate a therapeutically useable or 
effective number of CD8+ cells. 

The induction of CTL in vitro requires the specific 
recognition of peptides that are bound to allele specific MHC 
class I molecules on APC. The number of specific MHC/peptide 
complexes per APC is crucial for the stimulation of CTL, 
particularly in primary isnoune responses. While small amounts 
of peptide/MHC complexes per cell are sufficient to render a 
cell susceptible to lysis by CTL, pr to stimulate a secondary 
CTL response, the successful activation of a CTL precursor 
(pCTL) during primary response requires a signif icantly higher 
number of HHC/peptide complexes. Peptide loading of empty 
major histocompatability conqalex molecules on cells allows the 
induction of primary cytotoxic T lymphocyte responses. P^tide 
loadiiig of empty major histocompatability coiq>lex molecules on 
cells enables the induction of primary cytotoxic T lyaphocyte 
responses. 

Since mutant cell lines do not exist for every human 
MHC allele, it is advantageous to use a technique to remove 
endogenous MHC-associated peptides from the surface of APC, 
followed by loading the resulting eaq;>ty MHC molecules with the 
immunogenic peptides of interest. The use of non-transformed 
(non-tumorigenic) , non-infected cells, and preferably, 
autologous cells of patients as APC is desirable for the 
design of CTL induction prptocols directed towards development 
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Of «ar vivo CIS. therapies, mis application discloses aetbods 
for stxi^ing the Oogenous MBC-associated peptides froB tiie 
surface of APC followed by the loading of desired peptides. 

A stable MHC class I molecule is a triaeric conplex 
foraed of the following elements: 1) a peptide usually of 8 - 
10 residues, 2) a transBembrane heavy polymorphic protein 
chain which bears the peptide-binding site in its al and a2 
domains, and 3) a non-covalently associated non-polymorphic 
light chain, /Jaaicroglobulin. Removing the bound peptides 
and/or dissociating the ^^microglobulin from the complex 
renders the MHC class I molecules nonfunctional and unstable, 
resulting in rapid degradation. All MHC class I molecules 
isolated from PBMCs have endogenous peptides bound to them 
Therefore, the first step is to remove all endogenous peptides 
bound to MHC class I molecules on the APC without causing 
their degradation before exogenous peptides can be added to 
them. 

TWO possible ways to free up MHC class I molecules of 
bound peptides include lowering the culture temperature from 
37*c to 26-c overnight to destablize /Jamicroglobulin and 
stripping the endogenous peptides from the cell using a mild 
acid treatement. The method^ release previously bound 
peptides into the extracellular environment allowing new 
exogenous peptides to bind to the empty class i molecules. 
The cold-temperature incubation method enables exogenous 
peptides to bind efficiently to the MBC complex, but requires 
an overnight incubation at 26»C which may slow the cell's 
tetabolic rate, it is also lUcely that cells not actively 
synthesizing MHC molecules (e.g., resting PBMC) would not 
produce high amounts of empty surface MHC molecules by the 
cold tenperature procedure. 

Harsh acid stripping involves extraction of the 
peptides with trifluoroacetic acid, pH 2, or acid denaturation 
of the immunoaffinity purJiied class I-peptide complexes. 
These methods are not feasible for CTL induction, since it is 
important to remove the endogenous peptides while preserving 
APC viability and an optimal metabolic state which is critical 
for antigen presentation. Mild acid solutions of pH 3 such as 
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:Siyc|jte or citr^tie^piiASE^ iMif fers liave be«i used to 
identify endogenous peptides ai^ to identify tumor associated 
T cell epitopes. The treatment is especially effective, in 
that only the MHC class I aoleciiles are destabilized (and 
associated p^tides released), while other surface antigens 
reaain intact, including MHC class II molecules.' Most 
importantly, treatment of cells with the mild acid solutions 
do not affect the cell's viability or metabolic state. The 
mild acid treatment is rapid since the stripping of the 
endogenous p^tides occurs in two minutes at 4»C and the APC 
is ready to perform its function after the appropriate 
peptides are loaded. The technique is utilized herein to make 
peptide>specif ic APCs for the generation of prisnary 
antigen-specific CTL. The resulting APc are efficient in 
inducing peptide-specific CD8+ CTL. 

Activated CD8+ cells may be effectively separated 
from the stimulator cells using one of a variety of known 
methods. Por example, monoclonal antibodies specific for the 
stiaralator cells, for the peptides loaded onto the stimulator 
cells, or for the CD8+ cells (or a segment thereof) may be 
utilized to bind their appropriate complementary ligand. 
Antibody-tagged molecules may then be extracted from the 
stimulator-effector cell admixture via appropriate means, 
e.g., via well-known imnunoprecipitatlon or immunoassay 
methods. 

Effective, cytotoxic amounts of the activated COS* 
cells can v^ry between in vitro and in vivo uses, as well as 
with the amount and type of cells that are the ultimate target 
of these killer cells. The amount will also vary depending on 
the condition of the patient and should be determined via 
consideration of all appropriate factors by the practitioner. 
Preferably, however, about 1 X 10* to about i x lo", more 
preferably about 1 X 10« to about 1 X 10», and even'more 
preferably, about 1 x lo' €o about 1 X lo" activated CD8+ 
cells are utilized for adult humans, compared to about 5 x 10* 
- 5 X 10^ cells used in mice. 

Preferably, as discussed above, the activated CD8+ 
cells are harvested from the cell culture prior to 
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adBiflistra1:ion of the d>8+ cells to Oie individual being 
treated, it iis iiqwrtant t6 nate> howev», thai: unliJce oth» 
present and proposed treatment modalities, the present method 
uses a cell culture system that is not tumorigenic. 
Olherefore, if ccaaplete separation of stimulator cells and 
activated CD8+ cells is not achieved, there is no inherent 
danger known to be associated with the administration of a 
small number of stimulator cells, whereas administration of 
aamnalian tumor-promoting cells may be extremely hazardous. 

Methods of re-introducing cellular components are 
known in the art and include procedures such as those 
exemplified in U.S. Patent No. 4,844,893 to Honsik, et al. and 
U.S. Patent No. 4,690,915 to Rosenberg. For example, 
adiDinistration of activated CD8+ cells via intravenous 
infusion is appropriate. 

The immunogenic peptides of this invention may also 
be used to make monoclonal antibodies. Such antibodies may be 
useful as potential diagnostic or therapeutic agents. 

The peptides may also find use as diagnostic 
reagents. Per example, a peptide of the invention may be used 
to determine the susceptibility of a particular individual to 
a treatment regimen which employs the peptide or related 
peptides, and thus may be helpful in modifying an existing 
treatment protocol or in determining a prognosis for an 
affected individual. In addition, the peptides may also be 
used to predict which individuals will be at substantial risk 
for developing chronic infection. 

The following exan^les are offered by way of 
illustration, hot by way of limitation. 

Example i 
Class I antigen <Ro1a»|^,^ 
A flow diagram of an HIA-A antigen purification 
scheme is presented in Pi^e 1. Briefly, the cells bearing 
the appropriate allele were grown in large batches (6-8 liters 
yielding "5 x lo' cells) , harvested by centrifugation and 
washed. All cell lines were maintained in RPm i640 media 
(Sigma) supplemented with 10* fetal bovine serum (PBS) and 
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an1:ii>io1:icis. For large-scale cultures, celld were grovn in 
roller bottle culture in fiFHl 1640 with 10% ras or with 10* 
horse serun and antibiotics, cells were harvested by 
centrifugation at 1500 RPM IEC-CRUSOOO centrifuge with 259 
rotor and washed three times with phosphate-buffered saline 
(PBS) (0.01 M PO4, 0.154 M NaCl, pH 7.2). 

Cells were pelleted and stored at -70 'C or treated 
with detergent lysing solution to prepare detergent lysates. 
Cell lysates were prepared by the addition of stock detergent 
solution (1% »P-40 (Signa) or Renex 30 (Accurate Chen. Sci, 
corp., Westbury, NY 11590), 150 bM NaCl, 50 AM Tris, pH 8.0J 
to the cell pellets (previously counted) at a ratio of 50-100 
X 10* cells per ml detergent solution. A cocktail of protease 
inhibitors vaa added to the preneasured volune of stodc 
detergent solution immediately prior to the addition to the 
cell pellet. Addition of the protease inhibitor cocktail 
produced final concentrations of the following: 
pheiqrlnethylsulfonyl fluoride (PMSF), 2 DM; aprbtinin, 5 
Mg/Bl; leupeptin, 10 |(g/ml; pepstatin, 10 /^/ml; 
iodoacetamide, lOO /iM; and EDIA, 3 ng/ml. cell lysis was 
allowed to proceed at 4*C for 1 hour with periodic mixing. 
Routinely 5-10 x lo' cells were lysed in so-loo ml of 
detergent solution. The lysate was clarified by 
centrifugation at 15,000 x g for 30 minutes at 4 'C and 
subsequent passage of the supernatant fraction through a 0.2 /i 
filter unit (Nalgene). 

The HLA-A antigen purification was adiieved using 
affinity columns prepared with mAb-conjugated Sepharose beaite. 
For antibody production, cells were grown in RPMi with 10% FBS 
in large tissue culture flasks (Coming 25160-225). 
Antibodies were purified from clarified tissue culture medium 
by ammonium sulfate fractionation followed by affinity 
chromatography on prbtein-A-Sepharose (Sigma). Briefly, 
saturated ammonium sulfate" was added slowly with stirring to 
the tissue culture supernatant to 45% (volume to volume) 
ovemi^t at 4*C to precipitate the immunoglobulins. The 
precipitated proteins were harvested by centrifugation at 
10,000 X g for 30 minutes. The precipitate was then dissolved 
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in a aihinm volume of PBS and transferred to dialysis tubing 
(Specstro/Por 2, Uol, wt. cutoff 12,006-14,000, Spectua Medical 
Ind.). Dialysis was against PBS («o tiaes the protein 
solution voluae) with 4-<r changes of dialysis buffer over a 
24-48 hour period at 4-C. The dialyzed protein solution was 
clarified by centrifugation (10,000 x g for 30 minutes) and 
the pH of the solution adjusted to pH 8.0 with IN HaOH. 
Protein-A-Sepharose (Sigma) was hydrated according to the 
manufacturer's instructions, and a protein-A-Sepharose column 
was prepared. A column of 10 ml bed volume typically binds 
50-100 mg of mouse IgG. 

The protein sample was loaded onto the protein-A- 
Sepharose column using a peristaltic pump for large loading 
volumes or by gravity for smaller volumes (<ioo ml) . The 
column was washed with several. volumes of PBS, and the eluate 
was monitored at A280 in a spectrophotometer until base line 
was reached. The bound antibody was eluted using 0.1 M citric 
acid at suitable pH (adjusted to the appropriate pH with m 
HaOH). For mouse IgG-l pH 6.5 was used for lgG2a pK 4.5 was 
used and for IgG2b and IgG3 pH 3.0 was used. 2 N Tris base 
was used to neutralize the eluate. Fractions containing the 
antibody (monitored by A280) were pooled, dialyzed against PBS 
and further concentrated using an Amicon Stirred Cell system 
(Amacon Model 8050 with MOO membrane) . The anti-A2 mAb, 
BB7.2, and the anti-A3 mAb, GAPA3, are particularly usef^ for 
affinity purification. 

The HLA-A antigen was purified using affinity columns 
prwed with mAb-conjugated Sepharose beads. The affinity 
columns were prepared by incubating protein-A-Sei»harose beads 
(Sigma) with affinity-purified mAb as described above. Five 
to 10 mg of mAb per ml Of bead is the preferred ratio. The 
■Ab bound beads were washed with borate buffer (borate buffer- 
100 mM sodium tetrabcirate, 154 mH MaCl, pH 8.2) tintil the 
washes Show A280 at based line. Dimethyl plmelimidate (20 »H) 
in 200 vM triethanolamine was added to covalently crosslink 
the bound mAb to the protein-A-Sepharose (Schneider et al 
giffi. Q^^,^ 257:10766 (1982). After incubation for 45 minutes 
at room temperature on a rotator, the excess crosslinJcing 
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reagent /was resooved by washing the beads twice with 10-20 ml 
of .20 nM ethanolanine, pH 8.2. Between each wash the slurry 
was placed on a rotator for 5 minutes at room teuperature. 
The beads were washed with borate buffer and with PBS plus 
0.02% sodium azide. 

The cell lysate (5-10 x 10^ cell equivalents) was 
then slowly passed over a 5-10 ml affinity column (flow rate 
of 0.1-0.25 ml per minute) to allow the binding of the antigen 
to the immobilized antibody. After the lysate was allowed to 
pass through the column, the column %ras washed sequentially 
with 20 column volumes of detergent stock solution plus 0*1% 
sodium dodecyl sulfate, 20 column volumes of 0.5 M NaCl, 20 nM 
Tris, pH 8.0, and 10 column volumes of 20 mH Tris, pH 8.0. 
The HLhr-h antigen bound to the mAb was eluated with a basic 
buffer solution (50 mM diethylamine in water) . As an 
alternative, acid solutions such as 0.15-0.25 M acetic acid 
were also used to elute the bound antigen. An aliquot of the 
eluate (1/50) was removed for protein quantification using 
either a colorimetric assay (BCA assay. Pierce) or by SDS- 
PAGE, or both. SDS-PAGE analysis was performed as described 
by Laemmli (Laemmli, U.K., W^tuy^ 227i680 (1970J) using know^ 
amounts of bovine serum albumin (Sigma) as a protein standard. 

Allele specific antibodies were used to purify the 
specific MHC molecule. In the case of HLA--A2 and HLA-A3 mAbs 
BB7.2 and GAPA3 were used respectively. An example of SDS 
PAGE analysis of purified HLA-A3.2 molecules is shown in 
Figure 2. 

Figure 2 shows SDS-PAGE (12.5%) analysis of affinity 
purified HIA-A3.2 from the cell line EHM. An affinity column 
(10 ml) was prepared with protein A-sepharose beads coupled to 
the monoclonal antibody GAPA3 which is specific for HLA-A3. A 
detergent lysate of 5xX0^ cells was passaged over the colunfn 
and the column was washed extensively. The bound HLA-A3.2 
molecules were eluted from^e column with 0.15M acetic acid, 
50 ml. One ml of the eluate was removed azid lyophilized to 
concentrate the sample. The sample was taken up to 50 ^1 with 
Leammli sample buffer and 20 ^il were loaded in lane 2. Lane 1 
contained molecular weight standards: Myosin, 230 kD; B- 
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galactosidase, liekD; phos^brylase B, 97.41cD; bovine serum 
albuain, 6S.2kD; ovallnaiin, 45kO; carbonic anhydrase, 3 ikO; 
soybean trypsin inhibitor, 21i5XD; and lysozyne, 14.4JcO. 
Standard concentrations of bovine serua albumin were run in 
lanes 8, lO /ig, 9, 3 ng, and 10, l^g to aid in the estimation 
of protein yield. Por this particular HLA-A3.2 preparation, 
the estimated yield was approximately 112 ng. 

Por HLA-All, A24.1 and Al, an alternative protocol 
was used whereby anti-HLA-B and C monoclonal antibodies were 
used to deplete HIA-B and C molecules. The remaining HLA-A 
molecules were subsequently purified using the W6/32 mAb as 
described below. 

Based on the density of class I expression as 
indicated by the results of Immunofluorescent staining 
analysis, it is anticipated that average yields of class 1 
antigen isolated from the EBV a cell lines will range from 
800-1200 itg per 10*° cell equivalents. 

An altgmqtiVe class T pui-ifinai- ion ayn^ ^g.^^ 
HLA-A2.1 molecules were isolated using the mAb 
Bl.23.2 which detects an epitope expressed by hla-b and c 
allele molecules, but not by HLA-a antigens. The mAb, W6/32, 
detects all human class 1 molecules, including HLA-A, B and C. 
As mentioned above, these mAbs react well with the B cell 
lines serving as sources of HLA-A antigens. The Bl.23.2 mAb 
reacts with the various human B cell lines, but fails to react 
with a mouse cell line that expresses a transfected HLA-A2.1 
protein or a chimeric A2.1 mouse molecule, it does react 
with the human cell line, CIR (Alexander, j., et al., 
InBWmqq^^nfftlcs , 29, 380 tl989J), that lacks expression of 
HLA-A and B molecules, but expresses low levels of HLA-C 
BOlecules. This pattern of reactivity illustrate how the 
Bl.23.2 mAb can be used to' deplete the B cell lysates of HIA-b 
and C molecules. 

Affinity columns were prepared using the affinity- 
purified Bl.23.2 and W6/32 mAbs, respectively, as described 
above. The procedures for- the preparation of the affinity 
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cbluBins are essentially identitsal to tli^e prdcedures described 
for the pr^>araticHi of the allele-^iecific oAb columns 
described above. The Bl.23.2 mAb affinity column was used to 
deplete the detergent lysates of HIA-B and C molecules using 
the protocol as described above, ihe cell lysate depleted of 
HIA-B and C was then passed over a W6/32 mAb affinity column. 
The MHC molecule that was eluted from this second passage was 
the A allele product. 

This alternative affinity purification is useful for 
the purification of any HLA-A allele product, and does not 
rely on the need for allele-spedflc niAbs. m addition, it 
could also be used to isolate any class I molecule type from 
transfected cell lines. 

Exanole 3 

IsotfltiQn and peguencina of natotr-A^ iy pr-on^g^ed nep i-<Hoa 

For the HIA-A preparations derived from the base (50 
mM diethylamine) elutlon protocol, the eluate was immediately 
neutralized with 1 N acetic acid to pH 7.0-7.5. The 
neutralized eluate was concentrated to a volume of 1-2 ml in 
an Amicon stirred cell [Model 8050, with YM3 membranes 
(Amlcon)3. Ten ml of ammonium acetate (o.oi M, pH 8.0) was 
added to the concentrator to remove the non-volatile salts, 
and the sample was concentrated to approximately 1 ml. A 
small sample (i/50) was removed for protein quantitation as 
described above. The remainder was recover^ into a 15 ml 
polypropylene conical centrifuge tube (Falcon, 2097) (Becton 
Dickinson). Glacial acetic abld was added to obtain a final 
concentration of io% acetic acid. The acidified sample was 
placed in a boiling water bath for 5 minutes to allow for the 
dissociation of the bound peptides. Ibe sample was cooled on 
ice, returned to the concentrator and the filtrate was 
collected. Additional allquots of 10% acetic acid (1-2 ml) 
were added to the concentrator, and this filtrate was pooled 
with the original filtrate. Finally, 1-2 ml of distilled 
water was added to the concentrator, and this filtrate was 
pooled as well. 
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The retienta1:e contains the bttlk of the HL&-A heavy- 
chain and »2-iBicroglobulin, while the filtrate contains the 
naturally processed bound peptides and other coa^xments with 
■olecolar weights less than about 3000. The pooled filtrate 
naterial was lyophilized in order to concentrate the peptide 
fraction. The sample was then ready for further analysis. 

For HPLC (high performance liquid chromatography) 
separaliion of the peptide fractions, the lyophilized sample 
was dissolved in 50 /tl of distilled water, or into 0.1* 
trifluoracetic acid (TFA) (Applied Biosystems) in water and 
injected to a C18 reverse-phase narrow bore column (Becdanan 
CIS Oltrasphere, 10 x 250 mm) , using a gradient system 
described by stone and Williams (Stone, K.L. and Williams 
K.R., in, Macroffloleicular Sequencing and Synthesis; Selected 
Methods and Applications, A.R. Liss, New York, 1988, pp. 7-24. 
Buffer A was 0.06% TFA in water (Burdick-Jackson) and buffer B 
was 0.052% TFA in 80% acetonitrile (Burdick-Jackson). The 
flow rate was 0.250 ml/minute with the followijig gradient: 0- 
60 min., 2-37.5% B; 60-95 min., 37.5-75% B; 95-105 min., 75- 
98% B. The Gilson narrow bore HPLC configuration is 
particularly useful for this purpose, although other 
configurations work equally well. 

A large number of peaks were detected by absorbance 
at 214 nm, many of which appear to be of low abundance 
(Fig. 3) . Whether a given peak represents a single peptide or 
a peptide mixture was not; determined. Pooled fractions were 
then sequenced to determine motifs specific for each allele as 
described below. 

Pool^ peptide fractions, prepared as described above 
were analyzed by automated Edman sequencing using the Applied 
Biosystems Model 477A automated sequencer. The sequencing 
metiiod Is based on the technique developed by Pehr Edman in 
the 1950s for the sequential degradation of proteins and 
peptides to determine the sequence of the constituent amino 
acids. 

oaie protein or peptide to be sequenced %ntB held by a. 
12-«B diameter porous glass fiber filter disk in a heated, 
argon-purged reaction chamber. The filter was generally pre- 
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treated witli BioBrehe Pitts'** aiid then cycled through one or 
Aore repetitions of the Edman reaction to reduce contaminants 
and inpfove the efficiency of subsequent sample sequencing* 
Following ttje pre-treatment of th6 filter^ a solution of the 
sample protein or peptide (10 pmol*5 nmol range) was loaded 
onto the glass filter and dried. Thus, the sample was left 
embedded in the film of the pre-treated disk. Covalent 
attachment of the sample to the filter was usually not 
necessary because the Edman chemistry utilized relatively 
apolar solvents, in which proteins and peptides are poorly 
soluble. 

Briefly, the Edman degradation reaction has three 
steps: coupling, cleavage, and conversion. In coupling step, 
phenylisothiocyanate (PITC) is added. The PITC reacts 
quantitatively with the free amino-terminal amino acid of the 
protein to form the phenylthiocarbamyl-protein in a basic 
environment. After a period of time for the coupling step, 
the excess chemicals are extracted and the highly volatile 
organic acid, trifluoroacetic acid, TFA, is used to cleave the 
PITC-coupled amino acid residue from the amino terminus of the 
protein yielding the anilinothiazolinone (ATZ) derivative of 
the amino acid. The r^&aining protein/peptide is left with a 
new amino terminus and is ready for the next Edman cycle. The 
ATZ amino acid is extracted and transferred to a conversion 
flask, where upon addition of 25% TFA in water, the ATZ amino 
acid is converted to the more stable phenylthiohydantoin (PTE) 
amino acid that can be identified and quantified following 
automatic injection into the Model 120 PTH Analyzer which uses 
a microbore C-18 reverse-phase HPLC column for the analysis. 

In the present procedures, peptide mixtures were 
loaded onto the glass filters.. Thus, a single amino acid 
sequence usually does not result. Rather, mixtures of amino 
acids in different yield are found. When the particular 
residue is conserved among" the peptides being sequenced, 
increased yield for that amino acid is observed. 
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Definiti on of an A3. 2 specific mni-jr 
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There is sdii&e sd&biguity in the international 
ncraenclature of A3 alleles. THe A3. 2 allele herein is 
expressed by cell lines EBH, HO^Ol, and GM3107. This 
particular subtype is currently referred to as the 3.2 allele 
5 (Yang, in ImmmiobiolcxiY ^j^. Vol. 1, Dupont ed.. Springer- 
Verlag, New York pp. 43-44 and 54-55, 1989), or the product of 
the A*0301 gene (its sequence corresponds to the one published 
by Strachan, ct al., EMBO J. . 3:887 (1984), and has been 
verified by direct cloning and sequencing of the A3 gene found 
10 in EHM cell line. The HLA-A3.2 encoded by the A*0301 gene 

referred to in this document is the cosononly expressed HLA-A3 
allelic form* 

In one case using KAT cells, pooled peptide fractions 
prepared as described in Bxai^kle 3 above were obtained f roia 
15 HIA-A3 . 2 honozygous cell lines, for example, CK3107. The 

pooled fractions were HPLC fractions conesponding to 7% to 
19% CH3CN. For this class I molecule, this region of the 
chromatogram was most abundant in peptides. Data from 
independent experiments were averaged as described below. 
20 The amino acid sequence analyses from four 

independent experiments were analyzed and the results are 
shown in Table 5. For each position exc^t the first, the 
data were analyzed by modifying the method described by Falk 
ot al. to allow for coaparison of experiments from different 
25 HLA types. This modified procedure yielded quantitative yet 
standardized values while allowing the averaging of data from 
different experiments involving the same HLA type. 

The raw sequenator data was converted to a simple 
matrix of 10 rows (each representing one sdman degradation 
10 cycle) and 16 columns (each representing one of the twenty 
amino acids; W, C, R and H were eliminated for technical 
reasons. The data corresponding to the first row (first 
circle) was not considered further because, this cycle is 
usually heavily contaminated by free amino acids.). The 
15 values of each row were summed to yield a total pmoles value 
for that particular cycle. For each row, values for each 
amino acid were then divided by the correspoxuling total yield 
value, to determine %rtiat fraction of the total signal is 
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j^ttributiable to each amino acid at: each cycle. 'By doing so, 
a:n >iyt>solute Freqaency* table Was genctrated* This absolute 
frequency table allows correction for the declining yields of 
each cycle. 

Starting from the absolute frequency table, a 
"relative fzrequency" table was then generated to allow 
comparisons among different amino acids. To do so the data 
from each column was summed, and then averaged. Then, each 
value was divided next by the average column value to obtain 
relative frequency values. These values quantitate, in a 
standardized manner, increases and decreases per cycle, for 
each of the different sixteen amino acid types. Tables 
generated from data from different experiments can thus be 
added together to generate average relative frequency values 
(and their standard deviations) . All standard deviations can 
then be averaged, to estimate a standard deviation value 
applicable to the samples from each table. Any particular 
value exceeding 1.00 by more than two standard deviations is 
considered to correspond to a significant increase. 

The results of the foregoing analysis for HLA-A3.2 
were as follows: at position 2, a 2.2-fold increase in valine 
<V) with lesser increases (1.5-1.7) for structurally similar 
residues leucine (L) and methionine (M) . At position 3, 
tyrosine (Y) and aspartic acid (D) showed increases in 
frequency. At position 7 isoleucine (I) was increased, and at 
position 8 asparagine (H) and glutamine (Q) were increased. 
At positions 9 and 10, lysine (K) was increased more than 2- 
fold over the escpected random yield. 

Cysteine was not modified and thus not detected. 
PTH-tryptc^an coeluted with diphenylurea, and in some 
e3q>eriments, PTH-arginine coeluted with the major derivative 
of PTH- threonine. Therefore ^ cysteine and tryptoi^ian are not 
detectable and arginine is detected only in the absence of 
threonine. 

Previously described MHC structures showed instances 
of critically conserved residues at position 2 (or 3) and at 
the C terminus (either position 9 or 10) . These residues are 
referred to as "conserved* residues. The modified data 
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aiialysiis of this invention considered i:he conservi^d positions 
at the N and C teraiinaljs. 

Thus, the HLA-A3«2 motif should have positdLon two 
occupied hy V, L or M, a length of 9 or 10 amino acids, and a 
C-terminal position occupied by K. 



TABLE 5 
Summary 

HLA-A3,2 Allele-Soecific Motif 

Conserved 
Position Residues 

1 

2 V^L,M 

3 y,D 
4 

5 
6 

7 I 
a Q,H 

9 K 

10 K 



Example 5 

Definition of HIA-Al-specific n entiide motifa 
HIA-Al molecules were isolated and their naturally 
processed peptides characterized, as described in Eaeai^le 3 
above • In one case using MAT cells, pooled fractions 
corresponding to 19% to 50% CHjOl were used. As in the 
preceding exanqple, residues shoving at any given position 
except the first position, at least a two standard deviation 
increase over the randcna expected yield were identified and 
shown in Table 6. On the basis of these data, only Serine (S) 
and Threonine (T) were increased at position two. At position 
3, aspartic acid (D) and glutamic acid (E) were elevated and 
at position 9 and 10 tyrosine (Y) showed a marXed increase. 
Other increases noted were proline (P) at position 4 and 
leucine (L) at position 7. Therefore, the motifs for HLA-Al 
based oA these data would have residues at position 2 occupied 
by S or T, a peptide length of 9 or 10 amino acids and a 



wo 94/03205 



PCT/US93/07421 



. - 46 

b-terminal residue of Y. Alternatively, another iftotif voald 
coBBprise a ]> or £ at position .3 together with a C temihal 
residue of Y. 

TABLE 6 

5 Summary 

HTA-^Al Allele-Specif ic Motif 

Conserved 
Position Residues 

10 1 - 

2 S, T 

3 D,E 

4 P 

5 

15 - 6 

7 I. 

8 - 

9 Y 

20 EXaffiPl? g 

Definition of HIA-All allele-soecif ic peptide motifs 

HLA-'All motifs were defined by amino acid sequence . 
analysis of pooled HPLC fractions, in one case corresponding 
to 7% to 45% CH3CN of fractionated peptides eluted from 

25 HLA-All molecules purified from the cell line BVR« On the 
basis of the data presented in Table 7, a motif for All 
consists of a conserved residue at position 2 of threonine (T) 
or valine (V), a peptide length of 9 or 10 amino acids, and a 
C-terminal conserved residue of lysine (K) • At position 3 

30 increases in methionine (H) and phenylalanine (F) were also 
seen and at position 8 glutamine (Q) was increased. 

TABLE 7 
': . Summary 

35 glA-Ml Alle^e-Spegjf tfotif 

Conserved 
Position Besidues 

1 

40 2 T,V 

^ 3 MrF 
4 
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5 
6 
7 
8 
9 

10 



Q 

K 



K 



Example 7 

Pgrlnition off m-A?4tl gpepjfjg Pepti^le Motifs 

10 HLA-A24*! allele-fipeclf ic motifs were defined by 

amino acid sequence analysis of pooled fractions in one case 
corresponding to 7% to 19% CH3CN of HPLC fractionated peptides 
eluted from iIIJl-A24»l molecules purified from the cell line 
KT3. On the basis of the data presented in TeQ>le 8 a motif 

15 for HIA-A24.1 consists of a conserved residue at position 2 
occupied by tyrosine (Y) , a peptide length of 9 or 10 amino 
acids, and a C-terminal conserved residue of phenylalanine (P) 
or leucine (L). Increases vere also observed at several other 
positions; isoleucine (I> and aethonine (M) at position 3; 

20 aspartic acid (D), glutamic acid (E), glycine (G), lysine (K) 
and proline (P) at position 4; lysine (K), methonine (M) and 
asparagine (N) at position 5; valine (V) at position 6; 
asparagine (N) and valine (V) at position 7; and, alanine (A), 
glutamic acid (E), lysine (K)., glutamine (Q) and serine (S) at 

25 position 8. Table 8. 

Summary 

HLft-A24tl All^lQ-gpeglfjg Hptif 

Conserved 

30 Position Residues 

1 

2 
3 

35 4 

5 
6 
7 



y 

D,E,G,K,P 
V 
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8 
9 

10 
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A,E,K,Q,S 



10 



"•'^^ the motifs id^tifuT^^T^—^. 
Class X allele a^„o .cl. sequences .ro„ '"^ 
tu-or-related proteins were analyzed for the CrL 
-otifs. sequences for all of thl target a^tiL "^^^ 
Obtained fro. the CenBan. data hase iZlJTe lT.TT 
The identification of »otifs was done „si" tT - ' 
program (Devereux, Haeherli and Smi^r aL.T 
Research liXii; 387-395) *^es (1984) . Nucleic Acids 

15 



20 



25 



30 



35 



The aaino acid sequence or „ , 

""Cin, product. .„ obt.rer;j:^%""'~T •'^'"'=* 

in the ««, Of Hep.tltl. B Viru, ,hb« " 

for HBV, binding aotlfa vara id.o..<« ^ 
.* ana typas. xn orda, t. .^^ 

•equencaa, all of tha «lr t "'P^*""™ of identical 

- ™. that ara'noTp-::^ rarLTrTdT " 

Of peptides. ^'^^^ «**Oed to the list 

tile case of Rmr » 
1 to raaidue 7., „.a dariv^' f rT^T^l ?~ 
•ere identified on those real™ \l I ^"'^'=«=- Hotifs 
<- reaidua, variatirhl^^rthT: ^i"! " 
cf raslduea 7.3 to aoio fro. = vS^l ia^, T"' 
-"ly^ed. Hotifa co..on to all :::\L:a"'*' 
""O •dde,^ to the peptide list. "ere identified 

Hort-h . '■^^11'' e consensus sequence for Hlv 

"orth ..erxcan viral isolates ,10-1, virusasTvaroU/;:. 
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froa the Los Alamos National Latooratorv d,«..K 

•Mil degr.. ot vMlstion (on. reaidue 1„ , ,„„ , 

«M.d to the peptide list. ™' •^•<' 

Several motifs for each w 
to screen several «,ti,.n.. P^i hs Vr^l'"'"'' 
Virus (HPv, type 1. usln, «.ti,s1^ fxr o'T !ll"'™ 
disclosed above «:e .h«m (i.bl. „ ^Jf 
1. w« euo seercbed .or Jti,s .TTxt'^ Z 

Hel.no« .„ti,e„s HACE l, . .nd 3 wLe s..^lT/ 
from all alleles (Table 10) . The I 
~ti,s tr^ au alleles (T^ble^r.^r^r 
envelope proteins ,ro. Jpatitls c'vi^;:^: aT' 
('•ble 12,. in tables and the de^ir»! T '""^ 
the conventional sy»bol letter tit « 

The letter .:c repr^ents a'tul'^^'t." ! '°" 

acid) . character (any amino 

The following motifs were screened in i-h 
search: «»^*^eened xn the present 





1 


XSXXXXXXY 


2 


xsxxxxxxxy 


3 


XTXXXXXXY 


4 


XTXXXXXXXY 


"5 


XXDXXXXXY 


6 


XXDXXXXXXY 


7 


XXEXXXXXY 


8 


MtEXXXXXXY 



for mA'A-i.-y fft*"?ffii 

^ 3CVXXXXXXK 

2 XVXXXXXXXK ■ 

^ 3CLXXXXXXK 
4 



\, ' XLXXXXXXXK 
^ XMXXXXXXK 
^ XMXXXXXXXK 
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for HTA-ftll fA*ii^T). 

1 XXXXXXXXK 

2 XTXXXXXX3CK 

3 XVXXXXXXK 
* XVXXXXXXXK 



for HriA-A:?4.i f^*^^^^^. 

1 xnacxxxxF 

2 XYXXXXXXXF 

3 XY3CXX3CXXL 
* XYXXXXXXXL 



Peptides with MHC Class I Binding Motifs 



Table 9 
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AA Position 



10 



15 



20 



25 



Sequence 

30IHDIII.ECVy 
69 VCDKCLKFTf 
77 YSKISEVRHY 
80 ISEYRHYCy 
92 GTTLEQQYNK 
93TTLEQQYNK 
106 LLIRCINCQK 

2 HGDTPTLHEY 
16 QPETTDLYCY 
44 QAEPORAHY 
89 IVCPICSQK 



3RFEDPTRRPy 
4 FEDPTRRPy 
25 LQDIEITCVY 
41LTEVFEFAFK 
72 YSRIRELRHY 
84 SVYGDTLEK 
101 LLIRCLRCQK 

59HTMLCMCCK 



51 

Antigen 

HPV16,E6 

HPV16.E6 

HPV16. E6 

HFV16. E6 

HPV16*E6 

HPV16.E6 

HPV16.E6 

HPV16.E7 
HPV16.E7 
HPV16.E7 
HPV16.E7 

HPV18.E6 . 

HPV18. E6 

HPV18.E6 

HPV18.E6 

HPV18.E6 

HPV18.E6 

HPV18 . E6 

HPV18.E7 



HLA molecule 

Al 

Al 

Al 

Al 

All 

All 

A3 

Al 
Al 
Al 

A3, All 

Al 

Al 

Al 

All 

Al 

A3, All 
A3 

All 



Human Papilloma Virus 16 and 18 (E6 and E7 



Proteins) 
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Peptides with MHC Class I Binding Motifs 
AA Position Sequence 



2 SLEQRSLHCK 
96SLFRAV1TK 
96 SLFRAVITKK 
108 DLVGFLLUC 
128 MLESVIKHYK 
128 MLE5VIKNY 
152 QLVFCIOVK 
161 EADPTGUSY 
182 LLGDNQIHPX 
215 WEELSVHEVY 
223 VYDGREHSAY 

238 LLTQDLVQEK 

239 LTQDLVQEK 
239LTQDI.VQEKY 
240TQ0LVQEKy 



Antigen 

MAGE 1 
MAGE 1 
HAGB 1 
KAGE 1 
MAGE 1 
MAGE 1 
MAGE 1 
MAGE 1 
MAGE 1 
MAGE 1 
MAGE 1 
MAGE 1 
MAGE 1 
MAGE 1 
MAGE 1 



Table 10 
HLA molecule 



A3 

A3 

A3 

A3 

A3 

Al 

A3 

Al 

A3 

Al 

Al 

A3 

All 

Al 

Al 



Melanoaa Antigen MAGE 1 
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Peptides with MHC Glass I Binding Motifs Tabie ll 
AA Position Sequence Antigen 



21 ZVGGifECEK psA 

57 LTAAHCIRNK PSA 

88 VSttSFPHPLY PSA 

95 FLYOHSLLK PSA 

178 DVCAQVHPQK PSA 

182 QVHPQKVTK psA 

236 PSLYTKWHY PSA 

239 YTKWHYRK psA 

241 KWHYHKHIK psA 

242 WHYHKWIK psA 



HLA Bolecule 

A3, All 

All 

Al 

A3 

A3, All 
A3, All 
Al 
All 

A3, All 
A3, All 



Prostate Specific Antigen (PSA) 
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P.ptld«. ,,itb HHC Cl«„ I Blndlft, Hotlf s T.ble 12 
« Position ^ ^^^^^ 



2 STNPKPQRK HCV 

14 NTHSRPQOVK HCV 

43 RLGVRATRK HCV 

302 VQDCHCSiy HCV 

556 ffMNSTGFTK HCV 

605 LTFRGMVDY HCV 

626 FTIFKEHHY hCV 



All 
All 
A3 

Al 

A3 

Al 

Al 



Hepatitis c Virus (Consensus Sequence) 
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15 



20 



Example Q 

TO verify that notlf-contalning peptide sequences are 
indeed capable of binding to the appropriate class i 
» Bolecules, specific binding assays were established. hia-A3 2 
Bolecules.were purified from GM3107 EBV cells by affinity 
chromatography using the CAPA3 »Ab (anti-A3) to isolate A3 2 
Prior to the step, the lysate was depleted of HIA B and C ' ' 
molecules by repeated passages over a Bl.23.2 column (this 
antibody is B,C specific) generally as described in E>cample 2, 

As a radiolabeled probe, the peptide 941 12 
(KVFPYALIKK) , containing an A3.2 «otif, was used. ' This 
peptide contains the anchor residues V, and K.^, associated 
with A3 ^.specific binders, described above. A Y residue was 
inserted at position 5 to allow for radiolodination. PeptllL 
were labeled by the use of the Chlora„i„e x .ethod Buus L 
re";.^ """" ^« incorporated herein by 

A dose range of purified A3. 2 was incubated with in 
nM of 941.12 at pH 7.0 and 23-c "^^^ with 10 

inhibitor coclctaL (i JTpMs" . 3 TlT^"' " ""'^"^ 
.H pepstatin A, a J h^A,!'; I'ol Z K " Cr-.T'"" " 
chloromethyl .etone CTU:k„, in preslce^T^^ l^ZZ 
hu»an ^2 .icroglobulin. After two days, the .ZZ 
^dioactivity was laeasured by gel filtration over TSK 2000 
coluinns as previously described for class ii p^J^ZTJiT* 
assays in Sette et al c * Peptide binding 

Gefter ed « b « I ^^"■^"'"'^ ^" TunnnnP] ngy. Vol. 3, 
^1^ ; / S««nders, Philadelphia, 1991), pp 

Which is incorporated herein by reference rsll t ' 
cood binding (in the eo to lOO^ range d; o stiedlo/l; 2 
concentrations rangiS^g between 35 and 300 nM. ^% b!ndl 
observed at 15 nM A3. 2. Wnding was 

sensitivity of the assay, a concentration of 5-10 ,^ a. , 
selected.for further assav« t« ^ 10 nM A3.2 was 

A3\2 and an"g^iv!IL ^^-^-t shown in Pig. 

941.12 were incubatr^Lr^'^"""^^^^ radiolabeled 

u»»ated using the conditions described above and 
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(924.07), , erostot. Specific Antigen peptide (939.01) and 

inhibited rtrongly, „lth . so. inhibitory concentretion 
(r«0., Of 22 nH, while . .eelcer inhibition w„ obeerved with 
P^i^ 9„.,1 (XC50. 940 „n.lXy, peptide 9«.07 did 

not show «qr inhibition np to the 20 w, level, aoe itl. 
concluded thet peptides 940.03 end 939.01 are high «Li 
intermediate attlnity binder., reepectively, while pepti-. 
«4..7 1. cl...i,ied a low a«i„ity or n;,.tiv: SSL 

mu-oughout thi. disclosure, results have been 
^.ssed in t.„« IC50... civen the conditions in which 
the assay, are run (i.e., limiting MHO and labeled peptld. 
concentration.,, these values .ppro.li.ate K„ values it 
*.uld be noted that ICSO value, can ch«,ge? of^r' 
ara«ti=.lly, if the «,«iy conditions are varied and 
O^lng on the particular reagents used i 
;«P^,tio„, etc.). ,or example, excesslvi c!;;e:l":iL of 
U^" Of a given 



20 llgzuid 



reference peptide. The reference peptide lJTLT. ^ 
-say. A3 . particular assay hecoLs »ore or 1! " 
25 sensitive, the icso's of the peptides t!!L ' 

scmewhat. Hoirever th« h^-^/ 7 '^^^"^e 
nowever, the binding relative to tho ^e.* 

P^tide Will not Change. Por .«,pl., V^"'^'^""' 

conations such that the 1«0 of L r^trZ^^": 

increase, lo-fold, .11 xcs. value, win a"rL«t 

Wro.ii.ately lo-fold. Therefore, to svoiTa^J" t. 

•~~»«t Of Whether a peptide is a gol^ l!!!^.""' T 

or negative binder should be based JT. ^^T^^/ 

the ZCSO Of the standard peptide ' 

th« it *ould be underetood that the th^^ITr, ? 

"'"^"Ine good, lnten.ediate weak and^ ! 

Should be modified bv . T negative binders 

odlfled by a ccrreeponding factor. Por exai^U if 
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(941 01, to b, .^.sured .s 8 m instead of 5 «, th.n . 

peptide 11^ ^ , ^ = «'.t^°, 

X«. or lee. then (I.e.. e« , J"^/,'/^ " 

5 USUI cut-off v«lue of 50 iiM. 

me experimentel systea herein rt«~<>. j 
to test M„^„, o. Xar^e „uL.s orAU^rp^^^^^ 
varxety of di«ere„t class I specificities. S^e^lflc ,^,L 
assays can be performed as follows. bindxng 

•ae cell line BVR was used as a source Of HLA ,.k 

eCi— :~ r£rr 
riS—T ^oT^rr: ii^rir^- 
-^ppareut «, Of ^ „ :«r:e .eZ:^::^. """^ 

- . ..dioi^iedtot "«:.ri:xT^'."-' — 

m this case, the EBV cell line SMr^n 
a source of purified hta ^ Stemlxn was used as 

.«.uea to pLifiitr^f o^.rT.^::re: 

" l»=«b.tion in pr««,o. „f protej. inTrK.i ' ' 

m«.tratin, rel.tionehip^^ ^rlT"' ' * 
"» Al ie *ow„ in L.^d!t! "ft^ MM in^ut 

that in ota^ef " "^"^ 

eewience of the peptide ueed a. a radiolabTl.! 
1. n«.A^. xn the „.« eet of ST 'T""' 

Of the asaay established was verifl^ ,T^'. '''»=l"'=ity 
-nlaheled peptide. ^. ^^w^ Llsrrj:::"^:^ ^ 
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ZZO rM, Further Scatchard analysis (Pig. n, verified that 
the apparent K„ of the interaction correspo^led to 21 nM, with 
a t of active receptor corresponding to 5.1*. 

* HIA-A24 sneelf<o n^p^y 

r^.'^* -olecules were purified from the KT3 EBV cell 
line, in this case, tvo consensua peptides whose sequences 
vers based on the pool sequencing data have been synthesized. 
Their sequences are: 979-01, AYIDNVYKF and 979.02, AYIDNYNKF 
The results of experiments in which the * bound of t^ese^* 

T 't •J""*^^'*'" -asured are shown in 

Fig 12, in both cases, 10-15* binding was obtained with as 

L'r.^ ^"^i^'i^ion e^eriments (Pig. 

13), limiting MHC concentrations, revealed that the bindL 
was readily inhibitable by exces. unlabeled peptide, tlTl 
apparent K„ of 30 and 60 nM, respectively, ^er Scattha'd 
^erxments verified values of and .8 nM, resp'tlt^Iy 

The apparent * of available receptor (active MH^, were 8 3^ 
and 7.4*, respectively (Pig. 9. ^ . ^„ the LT I 

BlPHnston of n HT'-lfn 
Eat<aniEhiii9 In vitro binding 

«. « AXi, ^ v„i««1:ion^r^"^ 

HIA motiCa embedded In « « . , ^ ^^^^^^^^^d with specific 

^ emoeaaed in a neutral backbone comnosed «*> « , 
alanine residues in composed of only 

^ siQues. In some cases, a K residue was also 
Introduced within the sequence with i-ho « 

quence, with the purpose of increasing 
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solubility. The use of such "neutral- polv A i»^vk« 
applied to the case of class -olecul^ ..^a t " 
in detail, .or exa^Xe, hy .ardet.^; et Ta.^Z T""^ 
EMBO J. 9(6):i797,1990). '^l- (JardetzJcy et al. , 

5 For example, in the case of A3 2 « w 

defined with a hydrophobic residue In^si^L ,1 
positive Charge <k, in position 9. Th^ to Ce^i.^ " 
presence of these two anchor residues wo^ld alH^ ^ !! 
context Of a poly A backbone, for A3 2 binli ' 

found that in all cases tho « *>inding. it 

»o binding „. a^t^ ^ irrelev^t .u^^ "l^olflc, i„ that 

exception, to this g««r.l rule „L ^ "^'^ 

««> "X peptide. =ro3„e.cted L::::i::^nii " 

P«*.Ps have been ^at^Z JLTJT 

~tlfs tor these t«. .lieles „e re^^L ^IL, 

«»» Al peptides crossreected, albeit^ 

.Klnlties, on All «„i „.j """^ ^^^r 

in^cti„::r™ "^.Cs^-— .or the 

alleles of interest an»i« ^'^'^^^^ various class i 

the 9 residt pi^ti^ °::o: ]: :rri^ — 

<T«*>le 14,. These analogs we^ „ "ynthesized 
-ditional Ala residue ^TllT^TT^l^'-''''^ ^ 
anchor residues are not located in lo^i^ "° ^« 

opposed to 2 and 9 in the ^ . P°«itions 2 and lo (as 
Obtained iUustrate^LtjIL?:; 1:?^;, ^ 
capable of specifically hi J ! >^esldues are also 

-les, ai.it ..Ti\:z7, r„renirr"= - 

«n\e basis o^.thL.*^::^ - "i- 

»er or li-ner peptides 
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The dat* described above show that 'ic presence of 

5 r r T "^^^ positions does allow (at least 

5 xn a -neutral" poly a backbone) for HLA binding To 

investigate to what degree other a-ino acids (for example 
che.ically related a-ino acids, night be tolerated in Leie 
crucial anchor positions, analogs of so«e of the poly a 
peptides from Table 13 were synthesized, in which the residue 
10 Present in position 2 (or 3, or s was varied. The^^^r^ ^f 
this analysis are shown in Tables 15-19. 

in the case of A3. 2 (Table 15), i„ position 2 L M 
V, S, A, T, and F were found to be preferred ibi^^: 
relative to previously defined anchor r'esid^:, , Z^^t l 
15 and D were permitted (binding . o.oi to 0.1 relative L 

prevxously defined anchor residues,. The substiutlln If e 

»5 I» position 9 IT ... . ' * si«aiartty). 

*• ' / i ^ and 
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20 



5 



H preferred, and no other residue is tolerated t 
position 3 (Table 19,, D and E are prefer^I^a^: /? . 
by similarity, are tolerated. PinaLy H ' 

is preferred, and no other residue app;ar: tTL T/' ' 
5 (Table 19). appears to be tolerated 

Thus, on the basis of the data It ^ , 
peptide. «xryi„, co^i„.tio„ of two' pL^^"^^ 
- bl^. Peptides co„t.i„l„, -i^j^l^us 7^"^ 
«mrlng . preferr«l residue .t one ooeitl™ l ' 
. at tb. o«.er anchor position, sCd V°lr^ 

blndln,, even if viti, so.ewh.t lo.er ."i^ ^T^t' " 
«.tlfs Of this invention for v„lo„s z l^,^ 

acid se^ences fro. various viral and tuJr!rei.ee" " 
were analy^d for the presence of ^tuT Jl. '"^ 
-otif analysis is sho™ i„ TeWe J e ! " ""^ 

«.oio. oT^iri"rrr- isr-'„-",r"-''^ ^- - 

bloche-lstry of papiUo^viruses """"^ 
»«lll; rur Hansen, H (1991. L ""J-""^- Bioche.. 

p4tho,«.e.l. Of a„™":Ler"^Co"''"'^'™'= ^ ^ 
to 10. Of total .ortality due tr^nlt^^^' ^ 
«. (1991,. viruses i„ au™, Cance^r ^cIL '*'""™' 
Orvlcal cancer 1. th. '-™=''"- ""anoa, 254:1167). 

vwcer IS the second aost comion caus. 
«">cer-reUted death i„ (e«les .orldrr Z 

Of .1^^; ^,o; :r : r ::::: 

«l:l«4,. HPV DRA is present 1„ - J"'"*- J- cancer, 

"-ino-s and predoj:^,^ o Z'^""" " *='^*»' 
«. H.. Com.xls.en, M. L,ht \ , .^"^ 

B. s., ter Sohegget J !„„ . ' =^**^'>9«'- <=• B., 
»et«:tlon and typinTIf ^u^^ Tpi^' ' 
cervical cancer spe=i«„. h^ 0^^!?, " '^'"^ 

Pri«rs.^,. ,.tl. cancer iLt v.T- °" '=°"'»»" 

Halboomers, j « m Brule, a. j. c., 

u. M. M. , du Maine m v««-. ' 

' K«»e»«»s, p., and Meijer, 



wo 94/03205 

PCr/US93/0742I 



62 



c. J X.. M. Ditferanc. i„ prevalence of h«»u. 

P«pilla«virus genotype, in =yt^»,orphoa„,ie.lly n„o»l ..ears 

ne.,X„l.^nt. ^. cancer. «=4.4,. The .MXl^*^ „ 
5 e«.ly r«,ion 6 end 7 (E6, E7, „p«. re^Jin, fr^ J ^^.^ 
tamortallze rCent cell. (Vesunoto, s., nlJ^Z^ t 

type « induce, ^u^, tr„.for««o„" r^^^ur 
'"-•to, s., Pexier. M., Donlger, ... ^'o^lH 

. Tr.„.-for«tion of hu«n fibroblasts J ' 
k«.tinocyt.s with hu«„ p.pill„„,i^ 16 o« j 

15 H ' 7**^^^'^' Mehendale, s., slater p m 

15 der Noordaa, j anri e^u ^ -xauezr, r. h 

^.«,.-i;.ep;.rtXrT:j; r::;iorr:r - 

-Itb . deletion in tb. «.ort .r. of cbrcZl , , T , 

»ultl step proc... of cervicl c«^l„„,e„esi.. 

In general T cell isununltv in , 
=noto.ic r lymphocyte. ,CX., T^T^tT^"-^ ^ 
.gainst vlru.-i„<,„ced tu^r. (Meli.f, c. J.^i,^, 
«.di«tion by adoptive transfer of cytotoxic" iL.™" 
•Mv. Cancer J!e«. 58:143. iien.» / Ijmphooytcs. 

» l«son. fro^"'e^rr:,''^- H. 

for cancer eradication in^en!^:^:! ""^^ 
recently in a ^e -cdel.Tt*::. ^e^ " 
protection against BPV is m ^Ported that som degree of 

With cr. aftL i^untat" „".iT^^ .Tr/" ^ - 

Hellstrom, k. e noon « x,, and 

sci. .,=110, Chen, t rirr r 

Hellstro. I ».„ir^ ' 

i»«nity by ^I b, cLt ' " »ntitu«.r 
jr By «ie B7 counterreceptor for the t i«- w 

«lecules a.2a and Cti,»-4. cell. yi,lj^ ' 'r*^' 
protection bv ctt Lr«^ *.j.u»jj. jn ^^^^^ 

n by CTL „a. recently shown in nonse nodel. i„ 
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synthetic peptides containino err *r.^^ 
Peptlde-induced antiviral ("91)- 

s ^. .... « «trr rrr 

.,.l™.t l.th.1 Virus l„£«rt:L. ^ , •'"t«rt:lon 

It h.s „„„ shown that o^, i' ^" • 

.9.1m>t HPV IS induced tu«„ e!2 . sT^ P"" ction 
vccination with , CH. " P«Ptido 

th a CXL epitope derived rro. the viral oncogene 

aeeirahle'^^Tenti^ri^rirr T 
induced tumors B««-h "gainst hpv is 

«-tr.ns.or«d -cancer c^rirt'Cil'^a^^"! ^ ^ - 
c.. lind^en, v.. Braun, H. cll^^i »■ 

t»"J- structural and tra^L^criwlo^i ' T -• 
P^illo^avirue type « ..^enct^^H.'^'f'' 
lines. J. v^lrol. 61:96,. " «irvioal carcinoma cell 

.»«,. — .cription ;/h™„'";apiur r"*"*-'"' 

in a cervical cancer Z « "^ly 

iaenti«catio„ or the Ev'ro" in n!"''"'""' ""^ 
"=4680, and involved in ^HndJcrr 

center transformation in^Cirrc^T:.": ""r^- ^ 
'■■ 1., and Banlcs. L. n„T' 'l' *"^«»*«». 

M HPV-16 E7 protein is reo^ired , ■ """""^ «»r«i.ion 
tr«..<or«d phenotype o/c^l . « 

«»o ^. »"i,, «a:ie;-H^itrr™' "^-^ 

kLrtiT " to iJ^^iL': 

«««tinocytes. imo ^. a -39051 „ Sunan foreskin 

« cell line, derived .1^^,^^^^ ^ 
or B6 a« „ ^^^^^ invoX^L™, «""»»i<>« 
-.Intenaice of the phenotype of 1^1!.^ ^ 
(Von Knebel Doeberitr h I I ^^""^ «rcino«a cell ii„es 

^"^t. T., Bartch, 0 and 

♦*r , ana zur 
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papiUoi^virus genes E6 and^l « ' ^°-«>-ti»ulatlo„ 
i>-oc. i^atl. aca.,. SCI. USA 8^.14,,?^'"*' carcinona cells. 
5 epitopes and potential vaccine 'J^L I /° the CTL 

hui«u», ve screened peptides soaTf^ 

protein se^encee J IT^'J^ZT. T " ^ 
frequent human «ac .olecules „ " f "°«t 
A... co^,„,, ^^^^ five ailreTwIir""'' 
- world population (Oupont, b. , "d TsyT^'^lT^' ^ 

Vol. I - Histocompatibility Testl^" I»»u„ology of hla 

^o^*) • '^^^i^ing. Springer-verlag, Kev 

A complete set of 24n ^ 

.»d E7 oncogene sequence were . JT^^ "PV « S. 

t«t.a tor their ability to „„e 

'or the r«,pe=tiv. ai* .u., J ^ « Peptide. 

• cndlaet. CTL epitope. ,or u." T "T' ^ '^'^^^ 

--.-rr^tri^.r:^'"'' 

^«>ict vhlch peptic, o, . p^"eiTi 

^« « . .pecirlea a« JIT^t '""'^^ bi«. i„to the 

««ly.e. were u.ed to e».l„t. '^^''^ "IMIbo 

^"«ir predictive ^p.cl^u,^'"'- <" -otlr. 
•-"lailir .«hor „ re.id„. ^ "«=es.ity to have 

peptide. P°=i«o„. J^^'l ^ 

^ptldois. Pent 

strategies on a muitf? ^'^^ generated by soU^ k 

°»» a multiple peptide svni-K ^ P*»*s* 

to . reein of polyetyrenl „ ^ Protect*, 

"-<=-aeprotection procelu^™ ''^^^"^ "^th . 
a>-, end Frenlc » » , '"""eepohl, a., xrert „ 

.mhe.i.^i::'3:; r« s - ~^«pt'p^«r ^• 

«• Marshall, Ed. 
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ESCOM, Leiden. 1003-1004, . The peptides all • 

group at the C-t^nninal end w« carrying a COOH 

Side Cham protec^toC Zl r 

a^eous TPA. Peptides 'rerTan:^;^^:^^^ "^^^^^ 
S lyophilized and dissolved at J^T ^ ^«^™«d Phase hplc 
phosphate-hu«ered salLl vL 3T:;^o"::i'°" ' "^^"^ ^« 
63175, »,e,ore use. Once dissolvL^^e pe^: 
-t -70. c. Since cysteine contai^^^'^f^^'^" 
to (air, oxidation during syn^e^^T T «««ceptible 

«.l.cul«. '"'^ '~ "Ming to S dlMerent H«-, 

t. H«-AX. ~l«uL 1^^" tr/'^"~ <" » that 
only peptide, yleialn, 
•«n t...t 2 peptide, bo„„I w22 J'k^„ * "'=«'>• 
OO.I), 6 With tnten.edi«,"mL!v ?f ' ~^'=<'1« 
«'i"lty ,0.01-0.001,. P^ptli!,^ (0.1-0.01, .„d 1 With low 

10 clculate the " «cperi^ts. 

• 50. inhibition done (re , " ' n«=es..ry t, yield 

th* ^ ^-^^50 J one has to divirf^ 4.w 

tt. .t«„ierd xc,. by the r«io. Por exjolf *" 
W en IC5„ Of 23 „ (81/3.5). •»»Ple. peptide E6-,0 

".2 «i.:.t::. ^'^j^^ ^ ^"-^ th.t hound ^. 

««l«ity hinders. /.^ ,7' " ^ 

"ound to m^.^,,,, ^^^^^ ""'^ -scribes the peptides thet 
i<ienti«ed, ^ inter,edi.te"«ini^ "f """"^ — e 
•«l»ity hi^iers. ^ tZ, "t^^T "^"^ »■« » lo. 

— With . , ,t ^TZ'lJTuT^T,:'::^^-^^ 

' <2 QQLLRREVY, E6-69 
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VADKALKFY, were identified for HLA-All n ■ 

binding strength of the fi«^ Confixdering the high 

V. lu^ preterred at the 9th """^ ^" 

6 i»=lud«, .t the ,th pcltien 1„ ^ Srr^^TT 

T^ie. «(h, t:erth^ '."rf ""-"^ 

Of peptide, thet b«md to both A3 2 .„d , """"P 
Ki,hte«. cut o. „ „ pe^^iL^^^L;^ tTr"" 

•olecule. overlapped ma only s „.^.^ ■«* 

. .„d . peptide. umjTjjT^t:::"' 

Finally, Table 20(d) desci-4ho<. 
bound to HL.-A,4 »le=„ies. H^T^^.^ 
•a W,h .„lnity binding peptl^ 5T, T 
binding peptides end 5 Is low hr^. l»t«™edl.te .«l„lty 

."ihity peptide (B«-«^;:^':f °- •-i^'. 

««nlty peptide (£7-49 RMv^ "tennedlete 

«t«. r'^i":^'-'- 

I- "nalyzlng these tables It cen h. ^"""^ ^ *>ble 20-e. 

' high .„lnlty binding p:^i:L::^f ' 
Of the tested HtA-A aolecules ^ ^ led for ,11 

«re binding to .ore eUe" : tT"'"""^ ""^ 

bound to H»-„.i":i.2^~„?:"': 

3.) bound to BLA-A3.2. AH.2 .^^ »24^ I °™ "^"^ <«- 
•nd E6-80) bound to BLA-Al .3 , ^ peptides (E6-69 

crossreectlve peptide, bo^ ' »"* 

-iff ««.t H„ L^e^L^r^ gtLr;' ^ - - - 

co„clud«, thst, except for T^"^' «=« «« 

We analyzed how well t-K^* ^ 
aesctlbsd 1. this inventloTpr^^o^"' T 
peptide, end also the reve^rT ^'^^ °' » 

'oUowed the Identified^, "o:*^""*^ 
'•*ed ag high hinders, Inte^ ™- — 

•hO negative binders .mi ^ binders, „eajc binders, 

on the anchor ^uZT..7:^:::r'^ 

"ere analyzed. The 
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20 
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overall .fflciwcy ot the 2 /a, 

* «.2, «rL^ --"--eo percent Of 

bitter, between 40 ^ lOol'J^TJl" ^"^-l"- 

binain, peptide, that would be^^^^Sl!': "^^-^ « v... 
P-cent or thoee peptide, that IZ Tl . 
.ctually did not M„d 1. very iZ^^^^ 
Awlyzed differently o, ^ 

affinity, ai, indicate. thaTo^, * " mtennedl.t, 
*o ^ «<., to find the., pot^ ' vould have 

r~ip««U»eXy. j^j. j^^i^,, t^! »k ' ""^ 

theee a„.i„ <,oL f " Predictive value for .a 

t^t b., predlcted^l:, :.rt'J °' --""^ 

<*• <-) 1» Table. 21,,, . r^J^ ""■"'Ibed «,tlf., 

predicted by the 2, ,5, ' * <" P-Ptide. that werl 

^ictln, that haCl^ the ,LT" "« "Ind. 

.-mclent for blndln,' and I^Uc'Tl^th":''"'' "-^a 
"•l-tae. can .ajce negative c^T^ ' "o„-.„ch„r 
paptlde. the blndln. Of a 
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««f. ^^t i»«u«Lnr::^^5S^™=^ 

the relevant hla .UeL 1 «««rent peptldea^to 
P<t«tlal tax,et noleoul^,"" ' of varlou. 

-otlf-contalnln, peptide.!' ^I'^T "^-^ of 

^ y'lTte': n - "'"'^'^ 

"»ett bound with ^ to 50 nM ranao 

— edUte afflnltle. ,!„ tTfso t"'::,! 
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range). While 34.6% bound weaklv 

r«..o) . 2.,.^ o/^^^^l to 50 ssH 

UP to the 50 ^ xevel. Xn the «se '""^^ 
100 peptide* bound with high af^J , ' °^ ^he 

S 35* o. the. bound with Int^LedlTr^rniT ' " " 
r-«ge.). While 24% bou«i weakly 1 " 
range,. Pi„.xiy, „ theTdL^rttl . '° 
to the 50 MM level. ""^^ -^1' »t least up 

- in the rr4:^" ^^^-^-^^ - ^hown, 

-otifs (Tables 22(a, and 'xt ^ , 

cases, the frequency of good hlnf ""^ 

^ -spectiTely,nhe3TrL"" ^^^^ '""'^^ 

-tif-containing lO-J^peptL:: c^lT'" ^"''^ 
" general, reduced a«i„iry '^^^^t with, 

; -V that 'rr:^;.^^, te co'Tct"" T 

' sufficient per so to allow fl ! """^"^ ""^'^^-^ i« not 
apparent that the nat:^eTf te':elr ^hus 
positions other than 2(3, .nT. " contained in 

ix^eiy e^lanatLn" ^th'r: T ''"^"^"^ ^^-^"^^ 

presence of certain residues ilT r*'""™^^^" i« that the 
can negate or increase ^Hind? '""^ ^ -»c, 9, 

datenninant. Potential of a peptide 

The data shown in <-k^ 

peptides, papt^„ *° J-^'^^. within ^u. 

Prooedur.. th.t would b. Ju^^^r^^' '° 
«».tai„l„, peptide., ^Z'"^"*' "i"^ "otlf- ^ 

l»te«edUte binder^ eM^K or 

e^^^^^ -^^^Jt b. ^^^^^ ^ 

««« to be l-a„o,enlc r " W"^«e beve 

".Idue. . 4 JlT*™^"' "«tUy 

-p"-.. -tb J- -/^^ rsrr"*"^"' 

*■ carried out t», 4.1. 

In the case 
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in light of results presant-n ' "-""^-1 

upon the e„.crr";i' """'^''^ « 

n^:.°L\!:r— ; ^^^^^^ ^""^ ~r 

".idue in ,ood inter^dJt! !, ! '"'"'»cy of th,t 
. o, t^. re^iauTLtn!^-::.'" ^ K o. 

^ •--rTt."'4?,T:rr:i:r''°' — 

r«. re,id„e.. trypt^^.^^"" "-""-"i with 

con.«v«. residue, tLt d«i.! 1" co„t.l„i„, 
«ch Of It. r.sldu«.. " • l««ta=t Of the .core. 

1- further ,1^^' ^ '^'^^^ "Ith bl„dl», 

"» -er. to rely, for Xi. ITr"^ « 
Pr*>lctlhg 9-«r peptide, rw^^ r .' °° 

Pr«Ucted to be ,ood bLd" 3 "^Tf 1"' - 
J««"t.,. Of the.e peptide, "erf ,2r.r^'' ' «.« 

p^centege are inter^Trte^J"^"" ' 
l^«r percentage of the r^r,r1. wMle a stiu 

the peptide, predicted by the «,tif are 
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either weaJc or no„-bl„dlng peptides, m contract 

grouped algoritlun of this invention a p^ula^r:. 

are created with a greater P^^^^'^^i^" of peptides 

P<«>«t.,., „l.Mv, to that pr«itctedT:L^ 

n»e present example of an 

mm-bWa to th. l.p.ct of T ^ 

eac position o. . p.ptl^. i. " 

Of ordinary rtlU 1„ the « th.t th., "PP^Mt to on. 

or c...tin, . .ina„ .a,o.it;^' .T:.::* r-"°"^- 

.v.r.,. binding affinity „^ r.l^Mv. ^ T 

"uno .cid .uhstitutions in . .^tlf l^T' ""^ °' 

Poly-.X.ni„. h.c^„e to ,.n„.t. .nXl"::: « 
*n .igoritta. using „er„e bln!^ ' 

.d«u.t«,e Of including .11 of ^ ' ■"^'>' 

- not Jn.t ^ood/int.'^^i.t";:^:^:'^ 

Moreover, it gives a »or« "maers and non-binders, 

.i^iV;:up"^:,~r::: °' '"^^ 

.l^orlth. b, clcuuting for ..rL^o .crdT'' *^ " 

"et Of «tif containing popti^T T T ^ 
tor each of Its re.ldu.s. Position 



**^pgfniin<T rpnr.1. 
This example demonstrat-o. ^.w 
l«=«b.tio„ or „id .trippir,pj^° " t«^.tur. 

.«.ctiv. H«-.li.ie-.p!:LT;^tw'"'"^ "««x' P'-P«e 

A»c «r. u..^ to sLlSze "-"-"ting cus (APc,. 

l»-Phooyt.s Which l«i to tT ! cnotMcic T 

cytotoxic cus. Ihls ™s :cZuT:' °' "«'«-P«l"c 
Phytoh«^l„tlnin T!c.rr^"^"' ""^ 

-««°»»c\«r c«is (PBHC) or sL!^f P«lp>«r.l blood 

other ^ snd to the other .urieT""* 
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The following describes sources for »»*-«^- , 
the following exanplee: Mterials used in 

L-Ascorbic acid, cat #BSft5 -r ». « 

HJ. ^'^^^^ Phillipsburg, 

Anti-HLA A2 (BB7.2), Cat #HB82, ATCC R«^w,. , , 
Anti-HIA OR (LB3.1), from J 1 «°**ville, Md. 

, / rrpB J, Gorga, Children's 

Hospital, Pittsburgh, pa, 

Anti-HLA Alpha chain pan'ABC (9.12.1, frc«. » 
^^s, university of Wisconsin, ^IL/^Z"^' 

rL":r ™ st. 

^Microglobulin, cat /K0114, Scripps r^., ^an Oiego, 

BSA Fraction V, cat /A9418, Sigaa st r • 
50CC conical centrifuge tuLs^Z ILT"""^' 
Lincoln, Park, nj 

^^s:L"r" ^ Halge, 

Cryovial, cat /S000-0O12, Halge Borf. . 
Di-ethyl sulfoxide (OMSO , LT;o2^"*.r' 
Louis, MO. «2650, Sigaa, St. 

DNAse, cat /260912, Calbioche» san Di 
Dynabeads M-450 goat anti 

-•WW «^uac Mti— Bouse Trrr* - 

Dynal, Great Keck, HY. ^ ' *^ '^^^'06, 

EWA tetrasodiua salt,' Cat /ED4SS slo» 

MO. riiu«55, Sigaa, St. Louia, 

FA«can, Becton Dickinson, s«. aose, CA 
Petal calf serua fpcsi 

Irvine, CA. ^' ^'^i"^ Scientific, 

Picoll-Paque, Cat /17-0840-03 Ph«ir» • 

KJ. Piiarmacia, Piscataway, 

G«ntaiiilcin, cat /600-57S0AD riK^ ' 
I-Glutaai„e, cat #9317 ^^^^^ I«l«nd, MY. 

^ /9317, Irvine Scientific, Irvine, 

-.KH centrifuge. Beckon instruments, Paio Alto, 

Huaan AB serua (hs) , cat /100-112 Ge«i . 
Bioproducts, calabasas, CA. 
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Htman riw, Sandor, Basel, Switrerland. 

Huaan rHy-7 , Cat /FA-isa^-i 

, ^at rri 1587 1, Genzyne, Cambridge, ma. 

Isopropanol, Cat #A464.4, Fisher Scientific 
Pittsburgh, PA. 

Hlcroc^or T-150 culture f las,c for selection of 
ZtVT' '"""^ -n^o 

Mlcroaedic automatic gamma counter, ICN Micromedica 
systems, Huntsville, al. omeaica 

» OKT4 hybridoaa supernatant. Cat /CRL 8002 atcc 

Rockville, MD. ' ' 

Paraformaldehyde, Cat /T-.353, Fisher, Pittsburgh, pa 
PBS calcium and magnesium free (CMF) , cat /17 Tr.J 
BioWhittaJcer, WaUcersvilie, MD ^^-^'SieB, 

I!rf " "^"'^ synthesized at Cytel 

and described in Table 24 a ^TT:ex 

^ytoh»a„lutlnl., ,PH»,, cat m-x., 
Dartford, England. ' 
xrai 1«0 + Hapea ♦ gluta^ine. Cat «2-ii5b 
Blowattalc«:, l.alJ„r«rUla, MD ' 

c^o":.:r:n:.~^' 

'"^ 

Wilmington, DE. 

Sodium phosphate monobasic. Cat /S9fi3fl 

Louis, MO. «9€38, Sigma, St. 

Triton X-loo, cat /x-ioo, Sigma, St. Louis MO 
24 veil tissue culture plate. Cat /3047 F^ll 
Becton Dickinson, San Jose, CA 

96 wen O-bottomed cluster plate Cat *,-.oo 
Ca»«bridge, MA. Co«tar, 

Culture Medium ph» ^ 

- . "pesT,r;::^nr:cSL't::r r 

t-9l«t«.ine (Irvine Sclantlflcl sT "ith 2 m 
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Mil line. (tCL) Mre Mintained in rpbi is^b /u 

genta«lcin as above and io% heat lnactlvaten'r!r f 
5 (Irvine Scientific, XKPMi/xo% res, . ^r^il 

were performed i„ RWii/10% FCS. release assays 

CKtafclnos. Recombinant human interle«ki„-2 (rlL-2» /« 
was used at a final concentration of lo U/ml T ' 
human interleuKin-^ (Cen^yme' vas us^d ^n-^f-^ 

concentration of lo ng/ml. * ^^'^ 

b^ri;"" ^-iPheral Biood Mononuclear Cell. rpBMC^ ^ 

blood was collected in heparin (lo O/ml, contaLr ' " 

and spun in SOcc conical centrifuge tubes rP^T T 

(Beccman cs-eKR, xs min. The PlaLt^e. wL^:,!" ^" 

and 10 ml of the buffy coat collected Jth " 0^1 ™' 

using a circular motion. The buffy coat^." L . 

and diluted with an equal volume 11 thoroughly 

^iluted buffy coat .T^l l^erZ 1:^,7:1 T 

(Pharmacia, in a socc conical tub. -!I '^icoli-Paque 

- -in at room temperatuTe^'^^teta::^^^^^^^^ ^ ' 

Plcoll.pi.e.a interface containing th^BMCs va 

using a transfer pipet (two interJa^ ZTL "°^^«-*=«<» 

washed three times with 50 ml rr^nf 

for 10 min. ^^^''^^ and 1300 rpa 

J-roezlny and rhaving pbmc. pbmc w«^- 

« ,0. PCs'. 10. JHsr^/Tx" " ' 

contain.^ cc„,.^,„, icpC^ ri^'"/*'^ 

transferred to liquid nltrigen f^i!jT' '^'"^'^ 
were thawed bv ^o-n ^ storage, pbmc 

™«ea 6jr continuous shaking in a 37.c I 

lan^crystal was nearly thawed LlL """^ 
Stated into se™. free 2^1^ i-e«ately 

(to avoid clunping, (Calhiochen, :ld~^^- " 
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ZT^r Sul>popal^tlons, CD4 lymphocyte 

depletion was performed using antibody-coated flTsjJ 
M^croci^etor T-ISO f lasKs .or the sriectiln o. ^ot cells 

(Applied Immune Sciences) were w-«h-^ 
_ ^ were washed accordina to the 

= -«ut.ct«rar.. iMtructlon. with 25 »1 pes , 

the flasks for 30 sec and * oy snaxxng 

surface. w„ in'^r/LTj^rrrr °" ' 

to receive u,e cells. ««C were thawed ^x/s. »r ' 

» "Ode. Fe receptor, on PBMCS. For one f l^v ^ 

10' cell, were re.„.pe™,ed In ^s ll Zl^^ 'T'''^ °' " " 
.ediu. ..pireted from the «eJ^ !!i " 
au.pen.ion we. ,ently aadeT;, ^to^' 
conteinlng the cells were Incubeted ^ri^"- ^""'^ 
» te-perature on . fl.t snrf.ce At th! \ 

the fl... w.. ,ently roc^ f^om LTto^i!' T 
re«..pend the nonadherent cell. «tL2 " *° 

cell, were hM^ested ^ "onadherent CD4 depleted 

- to coiiecTi^Li^rr^^^^^^ r*^^ 

2S CD4-Ceplete. cells were pellete. J^c^nlrit^^T^ 
resuspended i„ complete culture „J- 

-v^Bte culture medxum (RPMI/5%/hs) . 

Generation of pjta Blasts, pbmc were i«oi.^ . 
standard Ficoll-Paque protocol ""'"^ 
30 twice before use Cell! ! " ^'^"^ ^'"hed 

rlL-2. PEA blasts were m!i^L . ""^^ " "/"'l ^ 

. containing xo u/ml r x" rw^^: .1'^ ^^"''^^ "^^^ 
•needed, pha blasts werl uLf. M ^P^^ting as 

- Ceneration of empty :Z:s7:or.J:.:rJZ 

only pe^jformed by the acid ^ P^P^i^e loading were 

«re isolated usi., the FicoU-Pa^. proto^.^ '^■^.^'^ 
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fro,™ cells, PBMC were washed twice before „si™ ph. 
were prepare, as previously aescri.^. w.sI.er'twicT.^^::: 
usta, o„=e cells were prepared, they were washed o«eT 
cold sterile o.9» Haci <j.t. Baker) + it .s. r 
S conical centrlru,. tuhe. the cells'wLM^ ' T , 
in cold sterile citrate-phosphate ^tJ^^TTj^, " 
«id Ba,^.. 0 0. „ s^,^ P^phaJ'^L^;::- 

0 «erile „eutrali.i„, h„..er .1 f..i3 « s';,! ^.t"" 
-on^baslc pH 7.5, „ BSA, 3 /»,.icro,lohulta Tso, , 

peptide, were added, ^ the cells 5ere ^ll^J^'^ J' 
5 «n at 4.C. cells were resuspe»led in l vol^" "°° 
neutralizing hufter « jpbs chf, « BSA 30^^^ 

tf^nicrclohulin, 40 „/nl p^pti^,' Z ^"t ' 
« «.c. cells were ^llLjuTiL ZlZ.^"' ' 
.pproxl«tely 5 , ,o',^ irradiatTwiT.oT"" '° 
«r. th«, centrlfuged at 1500 rp» t.Ts IlT.t 
te^ature resuspe^ed in^ul^e .e^J T . 

:::::^r:^:es^rLr - - ----- 

vlth peptide, 'the rL^n^eTceU^l'tr' 

""ponder, were PBMC L.^ i«P>""ion was prepared: 

(-scrihed ««verKeZ:rceu?r " 

culture .edluB at 3 x lo«/.l 1.1 Tl """^ ^ 

^sponsion was dispensed into each w^ll^ TZ''^' 

culture Plate ,P.icon, Becton Di^iT^oM ' ""^ """" 

Pl.=ed in the incubator at 37-c 5, .T" 

population was r«idy. Onci ir^Idl' " "^--^'tor 

"^Pend«. in cultLe ^u.^lt?;,1o*~'"" 

10V»l for the PBMC, or at 3 X "'"^ « 

« Of stLulator cell .uspeLU wl!^,^:,"' ™* ^ 

Plates containin, the responders ^ty , T 

*»y / after induction, a 



20 



25 



30 



35 



WO94/Q3205 

PCr/US93/07421 

76 

100 Ml culture aediua containing 200 ng/«l rlL-7 was added to 
each veil (20 ng/well rlL-7 final) . on day lo after 
induction, 100 Ml of culture »ediua containing 200 u/»l rll^, 
was added to each well (20 D/well rlL-2 final) . 

5 

*.«yM Bestlm,l,tioa or CTL. on day 12-14 Mter the 
iMuctloB, the primary cn. were reatlmulated with peptide 
usiD, «lherent APC. Autologous HWC .ere thawed .»I w.^ . 
ae«.ih«. .hove, ceiis were irradiated attrrr.^U." 
-«:. pelleted ^ r.«aspend«, 1„ culture «di„. et 4 x iXl 
l ia or cell euepenslon wa. added to each well of a ^-^e/l 
tx««e culture plate, a«i incuhated for 2 hr. at ,,4 « L 

ti«. with e«™ free rpm. 

10 /la i„ culture medium ... added to each well, , 
^ I'l^ w^ir " . 

Cytotoificity C/xroiniuin ReleasB Assav ^ 

vhich at me ff^*'^ the reepohdera, 

-ilutione Of effectore'wLrpro'r^n ^nelTrfr 
target ratios Of 100:1 33.1 effector to 

.iiguoted at 10,' 1"; ; • ; ::^i"-hott"'r' 

PUtee (coetar), i„ duplicate. "^'^'^ 

prior to th^^tf^fT^' approximately l.-„ 

X.V.1 in B«ino.^''i„^'" ""-P-aeO et 3 X 

nx/xo« FCS m the presence or absene- , 

^-o^lohulin 10 peptide ' ' "^'-^ 

preincubation taroot- ,,-1^ After 

«eue_ed . t^n zzTi^^p- z-::^-r 
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cells were incxibated at 37-C for I hr with agitation 
Labelled target cells were washed 3 times with RPlli/io% FCS. 

g^1^t i nq-Pp r-h? Ass^yr : Target cell concentration 
was ad3usted to loV»l in RPMI/10% FCS and 100 m1 aliquots 
. were added to each well containing responders. KS62 cells 

(cold targets, to block NK, and LAK activity) were washed and 
resuspended in RPMl/io% PCS at loV»l. Aliquots of 20 m1 were 
added per well, yielding a 20:1 of cold K562 target: labelled 
target. Por the determination of the spontaneous ^^Cr 
release, lOO ^1/well of RPMI/xo% PCS were added to 100 ^1/well 
Of labelled target cells, a«i 20 ;,l/well of K562. Por .aximui. 

Cr release, lOO ,,1 i* Triton X-lOO (Sigma) in pbs CMP, was 
added to the 100 Ml/well l^elled target cells, and 20 ^l/well 
K562. Plates were centrifuged for 2 min at 1200 rp» to 
accelerate cell conjugate fon«tion. Assays were incubated 
for 5 hr at 37-c, 5% CO^. Assays were harvested by 
centrifuging plates for 5 »in at 1200 rpm and collecting loo 
Ml/well Of supernatant, standard gamma counting technlLs 
were used to determine percent specific lysis (Micromedr 
automatic gamma counter, 0.5 min per tube). 

Culturad Coll Lines. JY a ma »■» i 

EBv ^ ^ ^- a MA A2.1 expressing human 

EBV-transformed B-cell line, was grown in RPlll/io% PCS K5s:t 
a KK ce-sensitive erythroblastoma line was g^own T^.H', 

Lns ZVe^lZ^^" '° "^""^^ ^ ^-^^ 

ceils in the chromium release assays. 

Peo^ sequences are described in Table 24 a. 

Peptides were routinely diluted in 100% DMSO at 20 rngJ 
aliquoted, and stored at -20-c. ' 

FACS Amaysis. Approximately lo« cells were u^^h * 
Inserm-CMRS, Marseille, Prance) or fM-i ^ r>>.*.l 
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xncluded. cells were incubated on ice for 20 »i„ and washed 
twice With PBS CMF . o.« BSA. Cells were resuspended in 100 
Ml anti-«ouse Igc FITC conjugate (Signa) , diluted 1:50 i„ MS 
CMF + o.l* BSA, and incubated 20 min on ice. cells were 
washed twice with PBS CMF + o i* nca 

BSA, and resuspended in Pes 
for FACScan (Becton Dickinson) analysis, when it was 
necessary to postpone analysis to the subsequent days, the 
cells were fixed with PBS/1% paraformaldehyde (Pisher, and 
analyzed within one week. ^ m 



Binding Assays tr.ing Tnt.ct Cells ancf /eadioIal,elied Peptide 

cells were treated with citrate-phosphate buffer an^ 
neutralizxng buffer /i as described above, jy control cells 
were left untreated in tissue culture media j^Tl t 
both cell populations were washed twice w^^:; s'^ZV^' 
and loaded with "^I-radiolabelled 941.01 (HBcl5--27) neot^ 
(Standard chlora»ine T iodination, . To dele^ne IdiJl 
specificity, 2 X 10« cells were resuspended ^^200 ^^ 

^^:^:.'t.:t'- contai;i:g''' 

1-941.01 (los cp»s) +/- 100 Mg unlabelled 941 01 c.,, 

«nm rree rpmi. m a nicrofuge tube the cell 
suspension was layered over an 800 ul fcs «nH ^ 




3e 



Mild acid solutions of pH 3 such »«. «i • 

T cell epitopes, treat«„t is ™i^e ^ ~=-l-tea 

cl«s 1 ^lecules ere destabilized (JTJ^^ T' 

.11 other sureae. „ti,e„s ZZTITT"''- 
claa. XX .olecules. Host i^^„tl„ J^^ZtT^..^^ 
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the mild acid solutions of this example do not affect the 
cell's vlabllll^ or metabolic state. The «,iid acid treataent 
IS rapid since the stripping of endogenous peptides occurs in 
two Binutes at 4-c and the APC is ready to perform its 
function after the appropriate peptides are loaded, in this 
example we utilised the technique to make peptide specific 
APCs for the generation of primary antigen-specific CEL. The 
resulting APC were efficient in inducing peptlde-apecif ic CD8+ 
CTL. 

Movements by Mcs JUMysis. PH»-l™iuc«d r-cell bl.sts were 
•Old stripped/paptide loaded aoeordii^ to the .ethods 
deeeribed In Bc^ple 15. The resulting cells were sflned tor 
rxcs analysis using antl-HL»-A2 (BB7.J) and antt-KiA alpha 
*ain-sp.oi«o (,.12.1, .onoclonal antlbodi*,. controls tor 
this experi^nt included the saBe cell population which was 
not treated at pH , (but treated with PBS bofrer at pH 7 J, 
«.d with cell. tr«.ted with cltrate-pbosphat. butter (to'steio 

ZtZV t ■^*""*' ^" « *2-i=r,gloitin^' 

^Ptide. ihe results presented in Figure is, indicate that 
treatuent of these cells with the citrate-phosphate (pHj, 
suffer si,nific«,tly r«.u=ed ,10-fold, the reactivity or the 

(»ti-HL»-« and the alpha chain specific,, but not towards a 
-moclonal antibody specific for class II »c .olecule. 

(a^ti-HLA-OR, . Most ia^ortantly, n«atr.lix.tion of the 
acld-Btripped cells in the presence of /.^^croglobulin and 
TOe r«mlted in preservation of a significant amount^f 
Class I «HC ^.tlbody-reactive sites, with only a 
decrease in fluorescence intensity. Inportanlly, the 
acid-treated cells r«»tned viable, as -e«™red L trvnan^ h, 
occlusion and forward/lateral FAC* scatter analyl ^.f^" 
results were obtained using EBV-tr.n.f.r«d B cl'l iinL " 

JiZ ':r/"""' <-^i=h bi^ 

either HLK-U.l or lOA-Al, (data not shown,. 

Binding V «adioiabeled Peptides to a.pty mc Molecules To 
aeter.i„e the efficiency of peptide loading usi«, the «ld 
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temperature Incubation or acid stripping/peptlde loading 
protocol, JY cells (an HLA-A2.1 EBV-transfor»ed B cell line) 

preincubated at 26*0 overnight or acid-stripped to re«,ve 
the endogenous MHC-associated peptides and the loading of 
5 exogenous peptide was deter»ined using a "^I-radiolabelled 
HIA.A2.1 binding peptide. The specificity of this reaction 
was determined by measuring the inhibition of labelled peptide 
binding using a cold peptide of the same sequence. Results 
presented in Table 24 b demonstrate that acid-treatment of the 
10 cells xncreased significantly (approximately 10-fold, lr 
amount of labelled peptide binding to the jy cells 
Furthermore, the billing of labelled peptide was c«„pietely 
blocked by the addition of the cold peptide, demonstTatW 
specific binding (data not shown) . °nstrating 

IS 

in vitro induction of Prim^ Antig^-speairia CTL . v. 

for the induction of primary CTL using both the cold 

20 ^TT''"'" incubation and acid strip protocol are: i, 
20 enrichment of CD8+ T-c«ii<i tr, 4.u * 

CTL inaucticn cultures Z^"" °' "''^ 

eultur«B with ' ' "rtWution of the 

PBMC as APC Shows the use of 
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PBMC as APC. 

Examply If 
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Complatm ctilturo Medium. The tiBoue culture »edium used in 
this study consisted of RMi 1640 with Hepes and L-glutamine 
(Gibeo) supplenented with 2 aiM L-glutanine (Irvine 
scientific), O.SaM sodiuia pyruvate (Gibco) , loo o/loo ug/»i 
» peniciUin/Btreptoiuycin (Irvine) , and 5% heat-inactivated 

Huaan Seru» Type AB (RPMI/5% hs; Cenini Bioproducts) . culture 
-edia used in the growth of EBV-transfor»ed lines contained 
10% heat-inactivated fetal calf seru» (RPmi/io% fcs, Irvine) 
Instead of human serua. -irvine) 

Cytoldnes. Recombinant human InterleuIcin-2 (rlL-2) and 
lnterleu,cin.4 (rlL-4) were obtained from Sando. and used at a 
final concentration of lo o/ml and lo ng/ml, respectively, 
^^interferon.^ (IF„-^, and recombinant human InterleLin-7 

ng/nl, respectively. 

deacrlbed In table „ peptide «r. routinely diluted .» 
a^O. DMSO et ,0 .ii^e^ed. end «ored et ^"ct^u 

CBll Linos. JY, Steinlin, EHM, BVR, and kt3 i, 

^ ^-^ror^ » ^11 -^r^^-^^^i^^r . 

".d »„, r..p,ctiv.ly. They „e g™™ in rphiAo\' " 

^Ao" line ^ in 

KMI/IO* PCS, uB«l tor r«.uotlon of bedcround klUln, 1» 
«^....ys. Mel.no»a cell llnee either ^Z.^ "e ^ 
"tlgen. „l 397 ^ „^ expressing tL^^^ 

"tlgen; «1 ,e., were .1.0 gro™ i„ PPHI/10. rcT 

^ tube, .rr^^/z ::rn «!:;^rio:^:-' - 

-inute.. Tbe plasue l.yer was tben re^ed Z xo « „, . „ 
cost was^collected „itb e pipette using . cir^i" «J " 
«.e butfy cost was .ixed well «,d diluted ^1^.^. 
oe ^ butty coat „o .1, was tben "y^!: T." ToT 
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Flcoll-Paque (Pharaacia) and centrifuged at laso rpm r^oo. » 
for 20 Minutes, 25^0, with the brake off. The i„^ ' 
between the ricoll and the plas.a containinrL :::r:as 
recovered with a transfer pipet (two interf Ls ZTso T 
» tube) and washed three ti«e» with 50 »i of 8PKI moo 
and 1300 KPM for lo minutes) celi« „ ' 

^ Of culture .ediu», coltii, «d ad^^elTr" 
ccmcentoition. "Justed to the epproprlsf 

• liquid nitrogen (or long tern et^a. 1 T *° 

c.ntinuou.1, n^ . 3,-0 «.:e:':;th^tT;.:T\''"' 

cryetel we. .taoet thawed (tubes «r. ^t^f, 

th. water beth Or .t * eUoved to sit In 

CeXX. were ^^Zr^.::^^^'lZ.T°' 

-e to pre^t o.n.p.n, h, dJreeT^:L^"rj: ^r^ri 

"■Preeein, i^otein A, cLocJ, "0 ' "^"-^ 

.^.xcon. .eoton Z^^JJ^^^ 

<Jay», the aediun was removed and th*. ^ 

followed b. addition ""^^Hx^rr ''Z ""^^ 
ueed after culturing for an add^rt ! * "^^^^ ''^^ 

g for an additional 2 days in RPMi/10% hs. 

V 1. cold temperature incubation: 

a. Expression of empty HHC i„ apcs: The Apcs 
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10 



were adjusted to a concentration of 2 x loVml in complete 
culture »ediu« containing 10. ng/«l rlL-4, 20 
and 3 j^/nl ^2 -Microglobulin (^,.; scripps Lab). The cells 
were then incubated overnight at 26-c in the presence of 5% 
CO,. It Should be noted that these cells only express a 
fraction of Class I molecules in the empty state dot). 

b. Peptide loading of apc stimulator cells- 
Empty Class 1 «q,ressing APCs were washed 1-2 times with 
serum free RPMI L-gluta»i„e and Hepes, and resuspended at 1 
X 10 in serum-free rpmi containing 50 Mg/»1 total of the 
peptide pool (i.e., 16.7 ;,g/ml of each peptide in a pool of 
three; 25 ^g/ul of each peptide in a pool of two; 50 Mg/«1 of 
individual peptide), 30 Mg/»1 DRAse, .„d 3 Mg/ial /»,m 
Following a 4 hour incubation at 20-c, the cells wLe 

w«h!n V" " " cells/tube, 

washed and adjusted to the appropriate concentration for ' 
addition to the induction culture (see below) . 

2. Acid stripping: This was used as an 
alternative method for generating en^ty mhc on - , 
20 the APCS. The SAC-I activated PB^cHere^ashrd^lT"'^ 

0 « sodium Chloride (..t. Ba.er) containinHraL ^^'^ 

^.LTl3Tr^"":/' "'^"^ ^ citrate-phosp^Tte 
ourier (0.13M L-ascorbic acid fJ.T. Baker 1 o OSM ^Ji 

««, i^^bated on ic. After 2 

in 1 .1 o£ cold PBS containing l. bsa H ^^,1^™ 
Micrcxobulln, ^ „ ^,^ p,^Jl\ZZu.Z'Ll 
and incubated for 4 hours at 20-c JIZZ ^ 
the four bo„r Incubation at 20.0:^^^^":^'^' '° 
"00 rads ,5 X loV 11; 25-.11UO, cel^,^T " 
adjusted to tbe appropriate concentrl^rrr Id^IT"' "^"^ 
induction culture (see below) . ><»aition to the 
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B.=»^ .o that .11 .urtac were «.isten«., " 
incubating with the binding «.«.ce ^own .t roo. ^ 
tor 1 hour. Pouowin, this incubation (rL^rTe T """ 
vlgorouaxy ^or 30 seconds, washed l tiLe ^ ZT,l^T^ 
' additionai tl„s with PBS ^ th«. incuba^ wi" '.T^ , 
culture i^lu, „ ^ weretl^^." " °' 

s^rus-fre. RP„i t^iuta.l„e + Bepes, conta2r^'^„ 
»».., vash«i once, a«. Incubated for J ^*;^." 
"«u.. Pollowln, aspiration of cult^e^^^Tr: 
".*s. up to 1.0 ^uio„ PBMCs var. ^.r^T/r T , 
««un containing ,o ^g/^ „^ ^ " « ~lture 

t«parature. the flasks were roCed gently 
"suspend the non.dher«,t cells, ^^^df \ 

~.P«.ion containing the CD,. T c^^^:^" 
flask, wer. wash«l J tl«s with JT^ ^ 

PB«Cs were centrlfuged and c^" ' ^"^'^ 

induction culture, xhe CD4. and a,.TJ^ ^ *^ 
a-PXeted cell population was dete^^^-^I^ " Ti"" 
talow). In g«»ral, this t«*nlque resulTJ^ " 
«urich»e«t for C0.+ t cells with^' ■^'»"it«l m a two-fold 
.o-so» CO.* X cells and lS-2«^.LinT"" °' •««<«l»tely 
..llowin, depletion of co^.Tc^^^-^^f":: ' 
•=.11. «« also be acconplished " ' 

«tibody coated „,„et^ be'l^ ^n^f conplenen, or 
T cells „rv«l the purpose of • 'X*le«on of C04* 

Which would c^Xl VTT'^ 
^.terfere With cnp e^',::: «"> «y ^ 

« the responder populatioTT' "•P!''^'* MMO to be used 

r FwpuAacion were prepared ti«-4i4 • 

for selection of CD8+ t cell« «-h ! "tlllzxng ais f la^ks 

csixs (ive, . ^ . j,::^ r rterTprrs:"" " ^ 

" . i .1 volu^ .4 well piete, and Zl^T, ^ 
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peptide loaded stimilator APCs 

5 PBHC, I « „. «:l«.l.tor cw. . "l/'-l"'' 

PMC «d PH» bLsf, 1 ;a Of 3 X loV., Vf , 

Pl.t«. li. «u A fi~, ' -tl^Ltar cells wer. 

0 =o.K«,tration of rll-7 (tZ Jl^^ " ""^ 

rIL-2 «.s .ddM every 5 de„ ,r ""^ " "/-l 

culture, vere rest^ute^':,^'^"!^'- °- 

5 X 10« /la 1„ culture .edlu^ co^lL *^ "^"'^ 

-Ulion celle/tub. 1„ 5 .1, Z!!! '« 

.djuetea to 4 X 10«/.r^^ •»> 
»er veil . 24".!: ^,.' 

=ultur«i in «ai„ conlTL^ T '""-'«'^' <=«"-, 

^/.i tf,^cro,io^ii„ ta^. ;:f'"\*°^^ ' 

l«»^ted (or 2 hour. „ 3,.^ * ""^ " ^"l— "SUn 

1-= X 10' respo^Jer celZ= J l*P"de «= .splrat«J i„a 

— voiu::: Vtrrr," " n^r -^^ 

containing 20 u/ai rlL-2 was added culture «,ediu« 

(«9m., Plus „ ul/tube^re«r 
"Vinson,, e™. 1^'^ Ht'^L" 

W« it not possible to ! °? '""*^» M<*inson,. 
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irxBtier) and analyzed within one week. 
Cytotoxicity Assay 

^ . '* ^ar^^gt rpTl Prrrnrnttnii. Approximately 16-20 k 

prxor to the CTL assay, target cells (ci.Tr 
EBV.tra„s.or»ed lines) were washTlnie re 
10 1.1 vow at 3 X xoS/„i in RPMX/sTfcs Z^'"'^' * 
absence of 10 Mg/«1 total peptide. """""^^ 
' . pf tnrqgt rnia : Target cells wer« 

centrifuged and resuspended in 200 .1/tuhe sj^r 
tturo^t. (KEK), then incubated at 37-0 Tr ito 
Targets were washed 3 times (10 .1/wa^rv,^':^;" ^ 
resuspended in 10 ml (to determine the LtlTlf^ 
labelling, 50 ,i/target was counted^^ ^e Ml 
automatic gamma counter) . Micromedic 
CTL flPPf i y . Target cells were ^ ^ 

50 M Of the cell culture was TddJ^ I ' " "'^-^ 

..i^ottomed se.well plate (CostaTC^ flrTfi"? °' * 
concentration of 1 x loVwell f"*^ 

resuspended at 4 x lov^^r^^^d s:7^zi\:7:zr'^ 

final concentration of 2 x loVwel^ ^rr^ " » 

was 20:x). «^esponder clus .iTriLl^^^ ^« ^« 
rMuspended M 9 jc lo«/.i . ^ wshed once, 

were ^^^^T 

«/«.ii K5«, ^ 10. M^iroriT-* " 

to d.ter.i„, the percent specie L^!?"™^* 
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A cytotoxicity assay (CTL assay) was considered positive if 
the lysxs by CTL of targets sensitized vlth a snL^^^ 
.t the two highest effector to target ^^^^ 1" LT"^ 

greater than lysis of control targets (i « ^ ^'^'^ 15% 

conslaer^l boraerllne if the cTL of t«,l 

.ensiti^ed with . specific peptide .t the t«, hi!^t „ 
to ti^et (E.-T retio. 6. oreater th.„ ""."^"^t effector 
t^ets <i.e. . t.r,et cXXs .T^!^^^';'' " ^-^'^ 

/ oi tne 49 MAGE peptides, 10 of the 45 htv ^^^4.*^ 
3 Of the 25 HCV peptides, and 2 of the 20 HBV 1^ T ' 
to date induced primary CTL in vitrx, L» 

illustrating .espouses to^^vlrit; ^^^t^l.Tr^ 
15 Shown for MAGE (Figure 22,, „iv (Figure 23,TJ 
and HBV (Figure 2). The CTL induct!^ d^t^a^f 
Table 24 which lists the l»»unogenic pentad 
the appropriate MHC «nH s ^ ™°9enic peptides which bind to 
w opriate MHC and induce primary CTL in vit»-„ 

Illustrate lysis of «o«*.^^ «esuits shown in Figure 20 

«.e iysis of peptide sensitized taraets ^ 
targets following stiu«lation with SAC-I^r ! 
loaded with a MAGE 3 activated pbmcs 

a WAGE 3 peptide, 1044.07 by the coin «- 
and xncubation technique. Figure 21 shL ^^Perature 
^5 acid strip loading technique Tll .TlZ^^'^^'^'''' 
temperature incubation technics (panVb^ 

so»e detai*ftrX:;%Trrat"^^^^^^^ in 
0 ^Xarity and unde^^taLi^ Twt: T.^^^: ^^L^— ^ 
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Sequence 
AADKAAAAY 
ATHKMAAY 
ATDIOUUUy 

aLakmaav 
amaaaaaajc 

ATAAAAAAK 
AtAKAAAAP 



TABLE 13 

VALIDATION OF CYTEL'S HLA MOTIFS 




MoClf 
Al 
AX 
Al 
A2.1 
A3 .2 
All 
A24 



Al 

50 
15 
2.B 



A2.1 



A3. 2 j^xi 



125 



329 
9250 

<B 

59 



15 



•A daah indlcacea an ic «^ 

3 an greater chan 20,000 oM. 



77 
340 

6.4 
40 



A24 



115 



TABLE 1^ 



20 



25 



30 



SEQUENCE 
AADKAAAAAY 
ATAKAAAAAY 
ATDKAAAAAY 
ALAKAAAAAV 
AMAAAAAAAK 
ATAAAAAAAX 
\ 



VALIDATION OF CYTEL'S HLA MOTIFS 




MOTIF 
Al 
Al 
Al 

A2.1 
A3. 2 
All 



A2.1 



45 
58 
4.0 
NO 
NO 



1400 



A3. 2 



1100 
10000 

85 
216 



All 

1030 
4533 

24.0 
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TABLE 15 
HLA-A3,2 



wo 94/03205 



PCT/US93/0742I 



90 

TABLE 16 
HLA-AU 
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10 



15 



TABLE 17 
HIA-A24 
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TABLE IB 



HLA-Al 



10 



15 



20 



25 



PBPXIDE 
982.011 
982.07 

982.09 
982.13 
9S2.08 



ATDWUAAy I 
ATAIOUAAY | 

AMWCAAAAY 
AAAJCAAAAY 



954.13 



AIAKAAAAY 
AIAKAAAAY 
AVAKAAAAY 



982.10 
9«2.11 
982.12 
982,14 
982,15 
982,16 
982,17 

982,24 

982,23 

982.28 

982.32 
982.25 
982,26 
982.27 



982,30 



30 



982.31 
982.29 



AJOUOUAAY 
AWAJCA AAAY 
ACAJCAAAAY 
AGWCAAAAY 
APAJCAAAAY 
AYAKAAAAY 
AKAKAAJUY 

ATAICAAAAA 
ATAKAAAAF 
ATAKAAAAH 
ATAKAAAAV 
ATAKAAAAN 
ATAKAAAAD 
ATAKAAAAW 
ATAJCAAAAK 
ATAJCAAAAI 
AIAKAAAAP 



Mocif 
1 

0,17 
0,095 
0.0064 
0.004S 
0.0045 
0.0020 
0,0011 
<0,0001 
<0.0001 
<0.0001 
<0,0001 
<0,0001 

<o,oooi 

0.0040 
0.0019 
0,0010 

o.ooos 

<0.000l 

<0.000l 

<0.0001 
<0,000l 
<0,000l 
<0.000l 



Po«ition 2 



D in. pos ^ 
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TABLE 19 
KLA-Al 
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TABLE 20(A) 

HPV16 E6 AND E7 PEPTIDES BINDING TO HLA-AI 



10 



15 



20 




E7 

E7 

E6 

E7 

E6 



BO 
€9 
44 
37 
19 
144 
73 
139 



Sequence* 

ISEYRHYAY 
VAOKALKfT 
OAERORANT 
"OCPACOA 
TTDLYAYEO 
MSAARSSRT 
HVDIRTLED 
KTCfUMSAA 



3.500 
0.240 
0.029 
0,025 
0.023 
0.019 
0.014 
0.010 
0.006 



Tn»e average ICe« valu. cr r «^epiaced by alanine. 

>"•"«« "tlo v.l„., o( .0.001. " WclOe, 
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TABLE 20(B) 

HPVI6 E6 and E7 Pepudes Binding to HLA-AT? 



First a A 
Poslcion 



10 



15 



10 



Z€ 

ZS 

E€ 

B$ 

El 

C6 

C€ 

Ee 

E7 

E6 
E6 

E€ 
£7 

£€. 
£6 
£7 



37 
51 
• 145 
75 
89 
52 
80 
42 
68 
97 
79 
84 
89 
146 
58 
38 
67 
60 



Sequence' 

LIRAINAQK 
XVYRDGNPr 
IVAPIASQK 
IILEAVYAK 
HLOKKORFH 
-WSAARSSR 
AMFOOPOER 
TTLECXJYNK 
AVYAKQOLL 
HYNIVrrAA 
SAARSSRTR 

KrrsKiszr 

SLtCTTLEQ 

TOivrrAAK 

ISEYRHYAY 

OOIXRRCVY 

AVADKALKF 

OOYNKPLAO 

KISEYRHYA 

WTKYSLXG 

VAOKAUCTY 
AARSSRTRR 
AAKAOSTLR 
VYAKOOLLR 
YAVADKALK 
KADSTXRLA 



Binding Racio 
to Standard: 

1,7000 
3.0000 
2.2000 

i.soob 

0.4400 
0.1800 
0.1000 
0.0760 
0.0320 
0.0210 
O.O20O 
O.OlOO 
0.0080 
0.0067 
0.0064 
0 . 0056 
0.0056 
0.0045 
0.0044 
0.0036 
0.0025 
0.0020 
0.0016 
0.0012 
0,0012 
0.0012 



Motif 
Prediction 



are P^ptides^ewrno "^^^'^ ''as Jo x 3 S °^ the 

yaelded ratxo^vaj^ir^ori^^^?^- *<>^«0x^' S^i ot^^^^^e^t^L'! '^^^ 
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10 



15 



20 



25 



30 



E7 
E6 
B€ 
BB 

B6 
ES 
E6 

r? 

E6 

EC 

E6 

£S 

E7 
E6 
£6 
E€ 
EC 
E7 
£7 



33 
93 
89 

7 

59 
00 
37 

145 

107 

58 

42 

143 

79 

67 

52 

68 

69 

38 
140 
90 
51 



IILEAVYAK 
TTLEOOYNK 
IVAPXASOK 
AMPQOPOER 
rVTRDCMPY 
ISEWHYAY 
AVYAKOOLL 
SAARSSRTR 
LIRAINAOK 
AAJCAOSTLR 
OOLLRREVY 

AMSAARSSR 
KISEYRHYA 
YAVAOKALK 
YMIVTFAAK 
AVAOKALKF 
VADJCALKFY 
VYAKOOLLR 
TCRAKSAAA 
VAPIASOKP 

HYwrvrrAA 



6-7000 

X.8000 

1.3000 

0.8400 

0.4700 

0.4300 

0.0450 

0.0330 

0,0120 

0.0110 

0.0084 

0.0084 
0*0076 
0.0074 
0.0060 
0.0037 
0.0030 
0.0022 
0.0012 
0.0012 
0.0010 



experimencs coSgidered In this r^K? ^" «»«"e of the 

B«c.e« xndxcace score according co adjusted n«cif . 
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Orgln 



10 



15 



20 



25 



E6 

B7 
£6 
Be 
S6 
B6 
£€ 
£6 
E6 
Eg 
Bold A' 



Table 20(0) 
HPVI6 E6 and E7 Peptides Binding to HLA.A24 



First aa 
Posicion 



Binding Ratio 
CO Standard: 



S7 
72 
131 
49 
49 
82 

2$ 

6€ 
1 

85 
44 
38 



indicate 



0.1200 
0.1100 
0.1000 
0.0670 
0.0610 
0.0460 
0.0200 
0.0055 
0.0049 
0.0037 
0.0023 
O.OOII 



Motif 
Prediction 



Sequence* 

ArSLYCTTL 
KALKFYSKI 
BFWIRGm 
RAHYNXVTF 
VYDFAFRDL 
EyRHYAySL 

LorrzHDii 

PYAVADKAL 
MHOKRTAMF 
HYAYSLYCT 
tLRREVYDP 
VYAKQQLL R 

«cic«, indicce sco« according co adjusced „«cif . 
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3 
«» 



r- r " - r: « rr-: 



— — ,^ u» ^ 



O O .'^ w . 

I o o , 



•r « CD o o i« • ^ 



O O O 4 



8 



O 



T" lo 



, » u# ^ ^ 



o 
w 



— I CO C 1^ 



is 




Z 
O 



CO 



— 5* 



s 



z 
o 



90 
CO 



3 — ^ «*► 



o o o o 2 ° 



3 
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3 



in. 2 O - O O 



8 



z 

O 
CO 



• KJ 



z 



So 
n 



o . O ^ A oo * 



> 



z 

O 

n 

3D 

CO 



m 



o 

3D 



w to 

O *J o W 4^ 

o o2 o o o o 



5 
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Ail 1 AJ4 


1 ggm 1 

j 0 1 


0 [ 
Itttti 1 






I— 1 ^ 


[ am t 


0 I 
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VInu 



UmASACY 



At 



AU I Alt t AXJ 



HttV 



I 



f I 
t I 



HtV 



rou 



I ion I 



jmny l aani j 



I XSTTDUAV 

T monsLT 



I t 



I LJ6I r 



f 1J3I I 



OJES 



r 



«aiiia I 



077 
030 



T 



i ocgyi- 



ILttOt 



OMS 



KVOIFfCLY 
MSrnXJEAY 



HOV 



J 



20130 I 
201U I 



I f I 



EWAMKY 



IM74 ) 



SLMixvKnr 



TTT 



low I 



ASOOtWSY 

racotLCLY 



j » 
I « 



HOV 



UDtn j 



taUUIIASALV 



! » T 
TmT 



1 — sr 




04¥ 



4J 



1^1 i 



ism i 



^QnCWOHLY t 10 
KrwaoCLHLY I M 



u 



QTfCKKL HLY . i 10 | 



LI 



057 



021 



IJP* I ICnaBCLHtY I to i 



I 10 (. 

I to I 



Mgy 
Miv 

HOV 



0J7 



oji 
ooit 



MM i oao 



t 

LOB 



rnpj j 

I 



HSAsrccayY - i 10 



HOV i 



I 



014 



0 



POL 



0017 
0 



LB74 
20ZD f 



wmrcMomnr • r 10^ 



kiuwcaoly" 



CQKC 



4U 



Oil 



20K4 I 



mcfCY 



HOV 



79 



iqvqMLgg.Y 
wurvaiLLY 



Lflon I 
2oan I 



I to 

1 le 



2» 



HOV 



u5T r 



U-WTtFOUC 



w t 
f I 



HOV 
HOV 



fCL 



fNV 



1 

21 



fOL 



20lt*J_ 

T" 



ClHQSrVKiC'^ 



7U 



2oaf t 



HOV 



I im I 



B'-.IWM-'-'-fi 



ions I 

SOI07 I 



OJt 
Oil 



2oa4 I mLYgrCTouT 



fCL 



fOL 



i iodI 

Imti 



u 

OSS 



fTDLEAYyiT 



«CL 



LVAAVINFL 



ilaBT'jr 
» 



rr 



OflUOB 



0014 



20B« I 

I 



rrmuncTL 



r trw xK tC 



34 
2« 



XOOBf I 



LYSUm. 



"Ttw 
Tm 



XOBI 



LWSTVrVL 
LYWUgTL" 
NYOVSWPig" 



HOV 



l_ 

2000 I 
20W I 
201C ■ 
20m 



wncnuftL" 

CYTALMfVY" 

LtQUCOKL 

LYSHPULCF 



LYAAVT>fFU 
LYRPtLaJT" 



» t 
f 1 

JL 
to 



j4 
It 
24 

L ^ 
I 



tJ 



HOV 



to 
to t 



HOV 
HOV 



j 743 I 
714 I 

IL214 I 

HUCXNUOFUS Ul 

^ 1 

mP7 1 

I Lt<0 I 

I t J7t ( 



0014 



omi 



wo 94/03205 



107 



PCT/US93/07421 




wo 94/03205 



108 



PCT/US93/07421 



Mm 1 
tpm 1 




AaI Vlffw 

19 1 MiV • 
to 1 H9¥ < 
U 1 M«V 


Str^fai 

■" mi* : . 


• ^T. • < 
KX i 
GOK£ 1 
Mrs 


icpj Xlt 

im 1 xir 

39 1 XII i 


At 


j 

A« 1 Atl 
Qonf t oiB) 




MStt 1 yvafUVNOc i ie i m»v i m« i roL i «tf t xii i 1 

UVS t KLADGCUm 1 V 1 H9V i atfr 1 HJL t Ml 1 TfTl j 

LUM 1 IVUGUBQGFt |W| tfW i •^t I tUL 1 titll XII I 1 
iJftm 1 iMmWAK ! » t H»Y 1 arfw j < 3U I XII i 1 

1 jwi 1 LTvwoqugjc ; lo i m»v « «>» i roc i 7g i xii | j 
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Vim* 

wcv ~ 

HCV 
HCV 
HCV 
MCV 



Aaa All i AM 



^ 



m 




I • 



I 



1 



m 



gwLLtnx 



nrr 



MCV 
HCV 



tog t ; 



LOW 



TiiuT 



10 

TTo 



I f 

I M 



HCV 
HCV 



I 4M I 



tOKF I ; 



I I 



HCV 
MCV 



-2L 



fcOVOCVEKKL 

cYvuum. 



ILCVKATMC 



j AVCTCVAK 



_mcvBP« 



ijocn I 



CVACALVA fiC 
HUUTTC 



uott J KwvccvpflE — T 



HCV 
HCV 
HCV 
MCV 
MCV 
HCV 
HCV 
HCV 



nrr 



' ai» 1 xta 


ao 


Xll 


<i 1 


XII 


un 1 


XS1 




Xlt 


""sn 


141 


iioj 

214} 1 


XII 
Xll 



HCV 



cvcnrLtrNA 



i.tc»i I 



HCV 
HCV 
HCV 
HCV 



HCV 



■ *H I Xll 

Xll 
W \ Xll 



NSl/t3W7 ^ TP I Xll " 



054 1 a w 

-25. 

CLU f OA 



as7 I 



ami 



u 



aims I 
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Wd 94/03205 

ajvr BY- 



8- 6-33 : 15:27 : 



PCT/US93/07421 
CmL- 415 543 5043:r25/: 
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Pept:ide ID / 

777* 03 
10 924.07 

927.32 

938.01 

939.03 

941.01 
15 1044.04 

1044.05 

1044.06 



Table 25 a 
Peptides Synthesized 
by Cytel For Loading 
Onto Acid Stripped 
Autologous PBMCs and 
PHA Blasts 
Antigen 
HBs 
HBc 
HBp 
KAGE 1 
PSA 
HBc 
PAP 
PSA 
PSA 



Sequence 
FLLTRILTI 
FliPSDFFPSV 
GLYSSTVPV 
EADPTGHSY 
VLVHPQWVL 
FLPSDYFPSV 
ILLWDPXPV 
KLQCVDLVHI 
HLLRLSEPAKL 



20 Table 25 b 

Cell Population 



jy acid stripped 
25 JY acid stripped 
JY control 
JY control 



"^I-Labeled 
Peptide +/- Cold 
Peptide 

* cold peptide 
+ cold peptide 
-cold peptide 
+ cold peptide 



CPKS 
+/- std. dev, 

3553 ± 157 
13 

370 ± 37 
50 



n « 



3 
1 
3 
1 



wo 94/03205 



PCT/US93/0742I 



118 

WHAT IS CIATMRD Tfi- 



1- A ccjBposition conprising an iamunogenic peptide 
having a HIA-A3.2 binding »oti£, which immunogenic peptide has 
between about 9 and about lo residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue selected from the group 
consisting of L, M. I, V, S, A, T, F, C, G, D and E; 

and a second conserved residue of K, R, y, H and P; 
wherein the first and second conserved residues are 
separated by 6 to 7 residues. 



2. The composition of claim i, wherein the first 
conserved residue is at the second position from the 
H-terminus. 

3. A composition comprising an iamunogenic peptide 
havxng a HLA-Al binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue of T, s and M; and 
a second conserved residue of D, E, A, s and T; 
a third conserved residue of Y; 

Wherein the first a^i second conserved residues are 
adjacent and the second and third conserved residues are 
separated by 5 or 6 residues. 

4. The composition of claim 3, wherein the first 
conserved residue is at the second position from the 

N-tenainuB . 

5. A composition comprising an immunogenic peptide 
havxng a HIA-Al binding motif, which immunogenic peptide C 
between about 9 and about lo residues ^ the f olLwing 
residues, from the N-terminus to the C-terminus: 

^ a first conserved residue of T, s and M; and 
a second conserved residue of Y;. 
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9 



Wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

6. The coaposition of claia s, %rtierein the first 
conserved residue is at the second position fro» the 
H-terainus «,d the second conserved residue is at the ninth or 
tentli position £ro» the H-tenlnus. 

7. A conpoaitlon coiprlslng ^ l^aonogenlc peptide 
having .„ H«-*i blnaln, i.otlf, wWch l^uncenlc peptide i^. 

from the M-terminus to the C-tenainus. 

a first conserved residue of D, E, A, s and T; and 
a second conserved residue of y; 

wherein the first and second coi^served residues are 
separated by 5 to 6 residues. residues are 

«o„ composition of claim 5, wherein the first 

^d the second conserved residue is at the ninth or tenth 
position from the N-terminus. 

having a ^- bZT"''"" comprising an immunogenic peptide 

TZ^\ ^ ''"^ P^P*i«*« between 

about 9 and about lo residues and the following ^.-^^ 

the Kterminus to the Cterminus: residues, from 

a first conserved residue of i., 1 v i o « 
Q, C, F, D, E; and ' ^' ^' ^' °' 

a second conserved residue of K R h- 

^p^.t.r^toTU's^r •« 

10. ibe composition of claim 9, wheroi« «-k *• 
conserved residue is at tho o ^ / therein the first 



H-terminus . 



11. A composition comprising an immunogenic 
saving a Hr..A.4.i binding motif , which i..unoge7:c pepX 
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has between about 9 and about lo residues and the following 
residues, from the M-tenainus to the C-tenainus: 

a first conserved residue of Y, F, W; and 
a second conserved residue of F, i, M- 
5 wherein the first and second conserved r^idues are 

separated by 6 to 7 residues. 

12. The composition of claim li, wherein the first 
conserved residue is at the second position froii the 
10 N-terainus. 



13. A composition comprising an immunogenic peptide 
having an HLA-A3.2 binding motif, which immunogenic peptide 
has 9 or lo residues: 

* ^^"^ conserved residue at the second position 
selected from the group consisting of A, i, l, m, t, and v 
and a second conserved residue at the c terminal postion ' 
selected from the group consisting of K and R. 

Wherein the first and second conserved residues are 
'0 separated by 6 to 7 residues. 

14. A composition comprising an immunogenic peptide 
having an HLA-All binding motif which l»m.,n«„ • P*P^"« 
9 o«- in «otir, wnich immunogenic peptide has 

9 or 10 residues and the following residues, from the 
> H-termxnus to the Cterminus: 

the M ^^"^^ conserved residue at the second position from 

H VaLTr "^"^^ — - - r 

selected Z^rsl^t^ ^^^^^^^ ^ ^^^^^ — 

vherein the first and second conserved residuesN ar. 
separated by 6 to 7 residues. resxduesN are 

15. A pharmaceutical composition comprising a 
Pharmaceutically acceptable carrier and an i»mLgenTc peotid 
having HLA-A3.2 binding motif, which ii^aunogenirpeot^'^ k 
between about 9 and about lo residues and t^TT^loX 
residues, from the N-terminus to the C-terminus: 
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a first conserved residue selected from the group 
consisting of L, M, 1, V, s. A, T, F, C, g, D and E; and 

a second conserved residue of K, R and Y; 

wherein the first and second conserved residues aj 
separated by 6 to 7 residues. 



16. A pharmaceutical con^sition comprising a 
pharmaceutically acceptable carrier and an immunogenic peptide 
having a HLA-Al binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue of T, S and M; and 

a second conserved residue of D, E, A, S and T; 

* third conserved residue of Y; 

wherein the first and second conserved residues are 
separated by 1 residue and the second and third conserved 
residues are separated by 5 or 6 residues. 

17. A pharmaceutical composition comprising a 
pharmaceutically acceptable carrier and an immunogenic peptide 
having a HIA-Al binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the H-terminus to the C-terminus: 

a first conserved residue of T, s or M; and 

a second conserved residue of Tyr; 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

18. A pharmaceutical composition comprising a 
Pharmaceutically acceptable carrier and an immunogenic peptide 
having a HLA-Al binding motif, which peptide has betwee^ Lout 
9 and about lo residues and the following residues, from the 

terminus to the C-termlnus: 

a first conserved residue of D, E, s, T; and 
^ a second conserved residue of Y; 
wherein the first and second conserved residues are 
separated by 5 to 6 residues. 
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19. 



A pharaiaceutlcal conposition conprising a 
pharmaceutically acceptable carrier and an iamuncgenic peptide 
having a HLA-A24.1 binding motif, which peptide has 
a first conserved residue of Y, f, W; and 
5 a second conserved residue of p, 1, l, W or m- 

wherein the first and second coi^e^ed residues are 
separated by 6 to 7 residues. 

, , * °' Identifying an immunogenic peptide 

10 comprising the following steps: 

determining a binding motif for an MHC molecule 
encoded by a preselected MHC Class I allele; 

screening an amino acid sequence of an antigenic 
protein for the presence of the binding motif- 

" the bindi^g'rtifT " '^^^"^^ antigenic protein having 

preparing a test peptide of about 8 and about ii 
residues comprising the selected subsequences; 

determining the ability of the test peptide to bind 
2 the preselected MHC allele and induce a J 
thereby identifying immunogenic peptides. 



20 
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HUV-A PURIFICATION AND 
PEPTIDE ELUTION 



(5-lOxlO» call •quiv«lents) 



1 



Detergent Lysis 
(lor cells/ml) 

1 

Datergent Lysate 

1 

Affinity Chromatography 

I 

Purified HU-A Antigen 

i 

Acid Troatmant 

I 

Peptides 
Sequence/Motif 



ni?^ tranfltormed B call 

^. a.o. ^I-HLA-Al 
PB15 transfactants 
(mouse mastocytoma) 



Can^trlfugatlon at is^ooxg. 



Anticipated yields 450-900 



10% acetic acid, 5 min. lOOn 



YM3 filtration, 3kD cut-off 



D. Hum - HPLC/EI-TMS 



4/«/tS:KK 



rigorc 1 



wo 94/03205 



2/25 



PCT/US93/07421 




Hgure 2 



"^094/03105 PCr/US93/0742I 

3/25 





wo 94/03205 



4/25 



PCT/US93/0742i 



Tltrt of UU2 vt A12 

100-1 




WOM/03205 



5/25 



PCr/US93/0742l 




WOM/03205 



6/25 



PCr/US93/07421 




figure 6 
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Titer of 940.06 




figure 7 



wo 94/03205 



8/25 



PCr/US93/0742I 




Figure e 
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A24 rirration. 
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A24 iRhibi-ion. 
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Figure 14A 
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Figure 15 
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Figure 16 
CTL INDUCTION 
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Figure 18 
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Figure 20 



Cytotoxic Activity of an HLA-Al-Restricted CTL Lin« 
Specific for a MAGE3 Peptide (1044.07) 
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Induction Using Different Methods 
to Load Peptides onto SAG-I Cells. 
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Peptide Sereanlna: 
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Figure 24 



Peptide Screening: 
HCV/A3 
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Figure 25 



Peptide Screening: 
HBV/A3 
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